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ABSTRACT
Nine rice cultivars with different levels of resistance to sheath 
blight, caused by Rhizoctonia solani, were evaluated in the field and 
greenhouse for quantity of epicuticular wax (EW) from leaves, infection 
cushion (IC) formation by the pathogen on leaves, and the relationship 
of these factors to disease resistance. Comparisons among resistant 
and susceptible cultivars using scanning electron microscopy suggested 
that more EW was found on the leaf blade and sheath surfaces of 
resistant cultivars. Gravimetric analysis of EW from rice leaves 
supported these observations. EW production at different growth stages 
increased until the boot stage and then dropped. Correlation 
coefficients for EW and percent disease, EW and IC number, and IC 
number and percentage of tissue diseased were highly significant and 
ranged from r = -0.88 to -0.93; r = -0.82 to -0.88 and r -  0.95 to 
0.97, respectively. The susceptible cultivar Labelle produced 
significantly less EW when compared to more resistant cultivars grown 
under the same cultural conditions.
Tetep, the most resistant cultivar evaluated, had average IC
2 2 numbers of 2.0 and 9.2 per cm compared to 66.0 and 73.4/cm for the
susceptible cultivar Labelle in the field and greenhouse evaluations,
respectively. IC production on Labelle was twice as high or more than
on the moderately resistant cultivars Mars and Saturn. Highly
significant positive correlation coefficients, ranging from r = 0.56
to 0.92, were shown for the relationship of IC number and disease
rating. Significant negative coefficients ranging from r = -0.57 to
-0.94 resulted from the correlation of EW quantity and IC numbers.
Significant correlation coefficients ranging from r = -0.52 to -0.90 
resulted from the correlation of disease rating and EW quantity 
suggesting that surface wax may be functional in resistance.
Biomass production measured as plant weight, tiller number, and 
leaf area was significantly increased with increasing nitrogen. 
Associated with this increase in biomass production, was a concomitant 
increase in disease incidence, disease progress, and lesion size 
resulting in significant decreases in yield. However, relative changes 
in disease with increasing nitrogen were cultivar dependent with 
susceptible cultivars showing greater increases in disease.
xiv
CHAPTER I
RELATIONSHIP OF QUANTITY OF EPICUTICULAR WAX 
TO RESISTANCE OF RICE TO SHEATH BLIGHT
ABSTRACT
Nine cultivars with different levels of resistance to Rhizoctonia 
solani were evaluated under both field and greenhouse conditions to 
determine the relationship of quantity of epicuticular wax (EW) to 
resistance of rice to sheath blight. Qualitative comparisons between 
resistant and susceptible cultivars using scanning electron microscopy 
suggested a higher quantity of EW on leaf blades and sheath surfaces in 
resistant cultivars. Gravimetric quantification of EW from cultivars 
differing in their reaction to the pathogen confirmed the visual
observations.
Correlation coefficients for EW and percent disease, EW and
infection cushion (IC) number, and IC number and percent disease ranged
from r = -0.88 to r = -0.93; r = -0.82 to r = -0.88 and r = 0.95 to r =
0.97, respectively. These coefficients were all significant at the 1% 
probability level. Results from field and greenhouse assessments for 
disease rating, percent disease, EW production and number of infection 
cushions were similar. Correlations between greenhouse and field tests 
were highly significant. Gravimetric quantification of EW over the 
season and for different growth stages reflected a seasonal variation 
in EW production across cultivars. Wax production increased with stage 
of growth until the early boot stage and then declined significantly. 
The rate of decline reflected cultivar differences.
Labelle produced 62 and 66 % less EW on the average compared to Tetep.
Tetep, the most resistant cultivar included in this study, had an
2
average infection cushion count of 2.0 and 9.2/cm of leaf tissue
2
compared to 66.0 and 73.A/cm in the susceptible cultivar Labelle in
the field and greenhouse tests, respectively. The moderately resistant
2
cultivar Mars averaged 23.8 to 27.2 IC/cm .
Lesions on Tetep were restricted and possessed comparatively 
thicker brown zones and in some cases brown streaks. Lesions on 
Labelle were typically broad, oval necrotic areas with a narrow 
reddish-brown ring surrounding the necrotic spots. Labelle type 
lesions spread more rapidly and the margins were irregular.
These results suggest that rice cultivars producing higher levels 
of EW were significantly more resistant than cultivars producing less 
EW and that the resistance was apparently related to IC formation.
INTRODUCTION
Sheath blight, caused by Rhizoctonia solani Kuhn [Thanatephorus 
cucumeris (Frank) Donk], is a destructive fungal disease of rice
(43.44.56.57). Of the fungal diseases affecting rice, it is globally 
second only to rice blast (Pyricularia oryzae Cav) with regards to its 
economic importance (43,44). The fungus causes disease at all stages 
of rice development and can attack all parts of the rice plant
(45.56.57). The organism is ubiquitous and has a broad and variable 
host range (6,7,56,57). Although the disease was first recorded on 
rice in the early 1900's, it became prominent in major rice producing 
areas of the world in the early 1970's. It is especially important in 
the southern United States rice growing states of Louisiana, Texas, 
Mississippi, and Arkansas. In Louisiana, sheath blight is the most 
important disease of rice (21,22,60). All of the commercially grown 
high quality and high yielding long-grain rice cultivars utilized in 
this area are very susceptible (45,46).
Yield losses in infected tillers range from 7 to 50 % depending on 
the stage of plant development at which infection occurs (58,59,67,69). 
Controlling or suppressing the disease by using resistance is difficult 
as sources of resistance are known only in breeding lines and exotic 
germplasm possessing poor agronomic attributes.
Many cultural practices including plant spacing, crop rotation, 
nutritional amendments, especially nitrogen; plant height, and 
tillering ability have been suggested as factors that influence disease 
development (31,32,33,34).
Several biological agents have effectively suppressed the growth and
activities of solani in numerous research reports (13,14,18,54,70).
Pesticides are available that give excellent control of sheath 
blight (23,60). However, high cost coupled with environmental 
considerations and problems with registration of these fungicides has 
limited their use.
Resistance appears to offer the most practical, cost effective, and 
environmentally safe means of controlling the disease (39,40). Results 
from histopathological and inheritance studies in the past ten years 
have suggested that resistance to sheath blight in rice was dominant to 
partially domininant over susceptibility and was controlled by two or 
three pairs of genes (20,26,51). Scanning electron microscopic 
observations suggested that rice cultivars possessed distinctly 
different amounts of EW (41,47,48,50). These qualitative 
determinations suggested that resistant cultivars possessed more wax 
than the moderately resistant and susceptible cultivars. Associated 
with the high wax production was a significant reduction in the number 
of infection cushions produced during pre-penetration activities of the 
fungus. A significant negative correlation coefficient was reported 
for resistance and number of infection cushions (48). O'Toole et al. 
reported the existence of genetic variation in EW formation in rice 
cultivars adapted to different ecosystems. This genetic variation also 
occurs in several other crop species (38,55,71).
Although EW was found to be a highly heritable character, Jordan et 
al. found a significant environmental influence on wax load in sorghum 
(38). Temperature, light intensity, humidity and other factors are 
known to significantly affect EW production (2,4,19,24,38). This study 
was conducted to comparatively analyze quantity of EW produced, number
of IC formed, and disease reaction across several cultivars with 
different levels of resistance to sheath blight and to evaluate the 
relationship of these factors to resistance.
MATERIALS AND METHODS
Greenhouse: The experiments were conducted in the facilities of the
Department of Plant Pathology and Crop Physiology, Louisiana State 
Agriculture Center; Louisiana State University at Baton Rouge, LA to 
study the relationship of quantity of EW to resistance of rice to 
sheath blight. The nine cultivars used in this study were selected 
based on their differential responses to sheath blight infection so as 
to provide a spectrum from very susceptible to resistant. The 
cultivars included three very susceptible long-grain cultivars Labelle, 
Lebonnet, Lemont; three moderately resistant medium-grain cultivars 
Mars, Saturn, Zenith; and three resistant, medium-grain cultivars Taipei 
309, Taducan and Tetep. These cultivars were utilized in all tests.
In the greenhouse tests seeds were planted in 15-cm plastic pots 
containing steam sterilized soil consisting of a mixture of 2:1:1 soil, 
sand, and peat moss, respectively. Approximately 18 days after 
planting, seedlings were transplanted in rows to galvanized flats 
measuring 51 X 36 X 10 cm. Rows were spaced 6 cm apart and contained 
12 plants/row, giving a total of five rows/flat. Plants within a row 
were spaced A cm apart. Flats were then placed into benches with 30-cm 
sides lined with a double layer of clear plastic polyethylene sheeting. 
Water was introduced slowly into the bench compartments containing the 
flats with transplanted seedlings. Fertilizer was applied in the form
of slow release Osmocote (18-6-12) for general plant maintenance. 
Watering was on an as needed basis to keep plants flooded 2.5 cm deep 
over the soil surface. A temperature of 88 F + 7° was maintained 
throughout the duration of the study.
Plants were inoculated 45 days after seeding. R_^  solani isolate LR 
172, pathogenic to rice and belonging to the anastomosis group AG-1 was 
used in all tests. Inoculum was prepared by mixing a 1:2 ratio V/V of 
rice grain:rice hulls in 2-liter Erlenmeyer flasks. Distilled water 
was poured into the flask to three fourths the level of the grain:hull 
mixture to moisten the medium which was autoclaved for 18 minutes at 
121 C and 15 PSI pressure. The mixture was allowed to stand at room 
temperature for 24-48 hours, autoclaved for a second time and then 
allowed to cool to room temperature. Agar plugs containing sclerotia 
and/or mycelia from pure cultures of solani grown on potato
dextrose-agar (PDA) medium were used to inoculate the hull:grain 
mixture using sterile technique. The flask containing the medium was 
incubated at 26 C for 18-21 days. Prior to inoculating in the 
greenhouse, plants were separated by placing a 4.0 cm wide 
longitudinally cut polyvinyl chloride (PVC) pipe between each row 
(Figure 1). Lying with the concave side facing the soil, these pipes 
provided a V-shaped trough or channel next to the tillers in each row 
so that the inoculum could be concentrated next to the sheaths. They 
were also useful in keeping the inoculum from coming in contact with 
the soil surface, thus insuring inoculum effectiveness by reducing the 
effects of antagonism, antibiosis and/or competetion from other 
microorganisms in the system. This method of inoculation also provided 
a reference point from which linear measurements of diseased tissue
7could be made. Wood frames were erected over the benches containing 
the flats and covered with clear plastic polyethylene sheeting to 
create a humidity chamber which was necessary for the sheath blight 
disease to develop (Figure 1). The frame was kept covered for two 
weeks after which time the sheeting was lifted in the morning and let 
down in the evening for the duration of the experiment.
Field: Field experiments were conducted at the Rice Research Station;
Louisiana Agriculture Center; Louisiana State Agriculture Experiment 
Station at Crowley, LA. In the field, seeds were planted with a
"Planet Junior" single row planter into six row plots measuring A.3 by 
1.2 m. Rows were spaced 10 cm apart, with 1 and 1.5 m separating 
cultivars within replications and replications, respectively. Seven
hundred and fifty Kg/ha of 20-10-10 (N-P20^-K20) was applied just
before the permanent flood (25 days after seeding). The plants were 
treated with 3.5 kg/ha ai Propanil herbicide 1 day before the permanent 
flood. Water was kept between 13 - 16 cm deep in the field.
Forty-five days after seeding, inoculum, was broadcast over plots at 
the rate of 1 ml/0.30 m of row.
Data Collection. At weekly intervals in the greenhouse, rows of
plants were rated for disease severity, lesion expansion, and percent 
tissue diseased. Field assessment were made at 2, A, and 6 weeks after 
inoculation. Disease severity was based on a disease rating scale of 0 
to 9 where 0 was equal to no disease (resistant) and 9 was equal to 
maximum disease (very susceptible) following the index developed by 
Hoff et al. (27,28) and later modified by Groth and Rush (23). Lesion
rating was based on a scale of 1 to 5 where 1 was equal to extremely 
small, restricted lesions with wide reddish-brown margins and 5 was 
equal to broad blighted areas with relatively little browning on lesion 
margins. This scale reflected the amount of necrosis and rate of 
lesion expansion (Appendix B, Tables 4) Percent tissue diseased was 
recorded as the percentage of the plant surface area in the plot area 
showing symptoms.
Leaf samples were excised from the borders of lesions 10 and 21
days after inoculation in the greenhouse and field, respectively, for
subsequent light microscopic observation and infection cushion counts.
Tissue pieces were placed in labelled vials containing formalin acetic
acid (FAA) solution made up of 10 parts 37% formaldehyde; 50 parts 95%
ethyl alcohol; 5 parts glacial acetic acid and 35 parts distilled water
(47,48). These were stored at room temperature until observations
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could be made. Tissue pieces were cut into 1-cm pieces, cleared and 
stained by simmering for three minutes in aniline blue-lactophenol 
(25), mounted in clear lactophenol, and observed at low power (10 X) on 
a Zeiss optical microscope.
Samples were also taken from uninoculated plants growing under the 
same conditions as inoculated plants for EW extraction. The 
gravimetric method of analysis and quantification used by Silva 
Fernandes et. al (61) was modified and utilized to quantify the 
extractable wax. In preliminary tests it was determined that dipping 
the leaves for wax extraction for 60 seconds gave the most consistant 
results. Two grams of leaf tissue excised from the ultimate and 
penultimate leaf blades was immersed in 40 ml of redistilled 
chloroform. The beaker containing the immersed leaf samples was
9agitated continuously for 60 seconds. The contents were filtered 
through Whatman //2 paper filter into a previously weighed test tube or 
aluminum weighing dish. The chloroform was allowed to vaporize in 
vacuo at 35 C for 24-48 hours or allowed to evaporate in an enclosed 
safety hood with the exhaust on for 48-72 hours. The samples were 
weighed and the weight of the extracted wax was divided by the weight 
or area of tissue used. Preliminary test runs of the gravimetric 
analysis showed a strong positive correlation between EW extracted per 
unit weight of tissue (mg/g) and EW per unit of surface area (mg/cm ). 
The greenhouse assessment was made during the mid-boot stage of 
development. Field assessments for wax production were made at six 
plant growth stages. The six stages were mid-tillering (MT), stem 
elongation (SE), early boot (EB), late boot (LB), heading (H), and soft 
dough (SD) (35).
A modification of the scheme of Marshall and Rush (49,50) was used
to process leaf tissue pieces for scanning electron microscopic
2
observations. Leaf tissue pieces 1-2 cm in size were fixed for 4 
hours in chilled formalin acetic acid (FAA) solution containing 1 g 
mercuric chloride per 10 ml FAA, with two subsequent transfers through 
cold FAA without H g C ^  for six hours. Subsequently, two 30 minute 
rinses with deionized water was employed to rid the tissue of excess 
fixative. Tissue pieces were then put into labelled vials containing 
acidified DMP (2,2-dimethoxypropane + HC1) for four hours. This 
enhanced rapid dehydration without interfering with the surface wax 
(47,53). Tissue pieces were then critical point dried in liquid CC^ 
using 100 percent ethyl alcohol as the transitional fluid and mounted 
on aluminum stubs using a double stick adhesive cellophane tape.
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Mounted specimens were sputter coated for two minutes in a Hummer 
sputter-coater. Two hundred angstorms of gold-palladium film was 
deposited on the specimen surface. Observations were made using a 
Hitachi S-500 electron microscope operated at 25 kv.
A completely randomized design was used with three and five
replications for the field and greenhouse tests, respectively. Data 
was analyzed using standard analysis of variance procedures (62,63,64). 
Correlation analysis was employed to show the relationships, if any,
between means of disease rating, EW, and IC numbers. Mean separation
for all significant variables were conducted.
RESULTS AND DISCUSSION
Mean separation for disease height, lesion rating, percent infected 
tillers, lesion size, disease rating, EW concentration and IC number 
are presented in Tables 1 and 2 for the field and greenhouse
evaluations, respectively. Cultivars were significantly different for 
all the tested variables. The data from both field and greenhouse 
evaluations were considered together.
Resistant cultivars accumulated comparatively more EW than 
susceptible cultivars grown under the same conditions as suggested by 
qualitative comparisons of scanning electron micrographs (Figures 2a 
through 2d). The observation of appearent differences in EW associated 
with level of resistance has been reported previously (41,48,49,50,52). 
In this study gravimetric quantification of EW showed that the 
susceptible cultivar Labelle produced 62 and 66 % less EW than the very 
resistant cultivar Tetep in the greenhouse and field evaluations,
respectively (Table 1 and 2). Evaluation of EW concentration at six 
different growth stages revealed significant differences among the 
cultivars and growth stages (Table 3). In general, wax concentration 
increased with growth until the boot stage and subsequently declined 
dramatically. Maximum wax production coincided with the early boot 
stage. EW concentrations from evaluations made prior to the early 
booting stage were generally low. Cultivar differences were 
significant within stages and also for average seasonal wax production 
(Table 3). In general, the resistant cultivars produced significantly 
more EW than susceptible cultivars.
The number of IC produced on resistant cultivars were significantly
lower than the average number of IC produced on susceptible cultivars.
When the cultivars were classified discretely as susceptible (Labelle,
Lebonnet, Lemont), intermediate (Mars, Saturn, Zenith) or resistant
2
(Tetep, Taducan, Taipei 309), they averaged 65.3, 29.5 and 8.2 IC/cm ,
2
and 61.1, 25.9 and A.2 IC/cm i~i the greenhouse and field evaluations, 
respectively (Table 1 and 2). Tetep and Taducan had significantly 
lower mean numbers of infection cushions than the susceptible cultivars 
Labelle and Lemont. The average IC numbers for Mars and Saturn were 
intermediate between those of Tetep and Labelle.
Greenhouse disease ratings, although higher in some cases, were 
generally similar to field ratings. In both field and greenhouse 
evaluations, cultivar differences for disease rating were highly 
significant (Tables 1 and 2). Disease ratings assessed over time 
showed differences in the rate of increase which were apparently 
cultivar dependent (Table A and 5) with disease increasing in the 
susceptible cultivars at a higher rate than the other two categories.
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Differences within categories were also evident. Average ratings for 
resistance classes were 8.7, 5.7 and 3.3; and 8.2, 5.1 and 2.2 for 
susceptible, intermediate and resistant cultivar categories in the 
greenhouse and field evaluations, respectively.
Percent tissue diseased in both the field and greenhouse 
evaluations increased with time. The rate of increase and the final 
disease percentage was significantly influenced by cultivar differences 
(Tables 6 and 7). Category averages for percent tissue diseased at 
final assessment were 100.0, 72.7 and 29.7 %; and 96.3, 64.2 and 24.2 % 
for susceptible, intermediate and resistant cultivar categories in the 
greenhouse and field evaluations, respectively.
Resistant cultivars tended to develop lesions that were restricted, 
with comparatively more brown discoloration around the necrotic areas 
or sometimes just brown streaks. Lesions in the resistant cultivars 
expanded at a significantly slower rate compared to the susceptible 
cultivars (Tables 8 and 9). Phenols and/or their by-products have been 
suggested to be involved in lesion variation (47,72).
The relative percentage of tillers infected over time and across 
cultivars are presented in Table 10. Cultivar and time significantly 
influenced this variable. Percentage infected tillers averaged 91.4,
76.6 and 46.9 % for the susceptible, intermediate, and resistant
cultivar groups, respectively.
The rate of increase in lesion size in both the field and 
greenhouse are presented in Tables 1 and 2. Both cultivar and time 
influenced the size of lesions significantly. Lesions on Tetep 
increased from 2.1 to 3.2 cm in length compared to Labelle which
increased from 10.8 to 32.2 cm at 2 and 4 weeks after inoculation in
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the greenhouse. Field results indicated an average increase from 1.6 
to A.5 cm for Tetep and 10.6 to 26.9 cm for Labelle for the same period 
of time. When the cultivars were discretely categorized as resistant, 
intermediate, and susceptible, lesions averaged A.l, 7.0, 9.7 cm and 
6.1, 12.A, 26.1 cm for 2 and A weeks, respectively.
The height reached by lesions was measured relative to the height 
of the cultivars. Height to the tip of the flag leaf was regarded as 
the cultivar height. Cultivars differed significantly with respect to 
their inherent response to solani. Average height of disease was 
80.6, 50.7 and 16.7 percent of total height for the categories of
susceptible, intermediate, and resistant cultivars, respectively. In 
the very susceptible cultivars the vertical increase in disease
approached or surpassed the collar of the flag leaves of the plants,
whereas, lesions in the more resistant cultivars such as Tetep and 
Taducan remained for the most part restricted to the areas of initial 
infection.
Pearson's correlation analysis was used to evaluate the
relationship between selected characters such as disease rating, 
percent disease, lesion rating, lesion size 2 and A weeks after
inoculation, IC number and amount of EW (Tables 11 through 13). 
Analysis of these variables for data from the field (Table 11), and 
greenhouse (Table 12), showed that IC formation was positively 
correlated with disease indices ranging from r = 0.91 to r = 0.96 in 
the field and from r = 0.90 to r = 0.9A in the greenhouse. IC 
formation was negatively correlated with wax in all cases ranging from 
r = -0.80 to r = -0.90 in the field and r = -0.7A to r = -0.86 in the
greenhouse. All of these coefficients were significant at the 1 %
level of probability. On the other hand wax quantity was negatively 
correlated with all disease indices in both greenhouse and field 
evaluations. These relationships suggest that reduced incidence of 
disease appears to be due to a reduction in infection cushion numbers 
associated with high EW production in resistant cultivars.
Variation in the quantity of epicuticular wax produced and the 
number of infection cushions among rice cultivars with different levels 
of resistance was established. Results from this study confirm 
previous reports that resistant cultivars appeared to have higher 
quantities of EW, lower average IC numbers, lower percentage of 
diseased tissue, and slower rate of spread of disease compared to 
susceptible cultivars. Heavy wax depositions has been previously 
suggested as one factor influencing resistance in rice to R^ solani 
(49,50,55,). Increases in the amount of disease in resistant cultivars 
after removal of their surface wax prior to inoculation has been 
established in the interaction of R^ solani and rice, beans, and radish 
(15,16,49,50,65).
Abdel-Salam first reported in 1933 the formation of infection 
cushions by R^ solani in damping-off of tomatoes and lettuce (1). 
Since then, research emphasis has been placed on determining the 
factor(s) responsible for inducing, stimulating or inhibiting infection 
cushion formation. Two lines of argument have developed as a result of 
these endeavors. A chemical basis and a physical basis have been 
suggested by different groups. ICs are produced in-vivo and not 
in-vitro or only in the presence of susceptible hosts or their 
substrate (12,13,15,16). There is evidence supporting the finding that 
plant exudates influence germination and growth of many soil
microorganisms including solani. Flentje et. al, (16) first
demonstrated this by observing that hypha aggregated on the outside of 
cellophane bags directly opposite seedling roots both in-vivo and 
in-vitro. Older seedlings did not manifest such a phenomenon which was 
explained to be due to a reduction in exudation as a result of 
increased cell wall calcification in older seedlings. This led to one 
of two arguments suggesting that host materials elicited or induced 
infection cushion formation only when cuticle and epidermis of a
susceptible host was present (13).
De Silva and Woods (11), proponents of a second line of thought, 
pointed out that the nature of the epidermis (physical topography) in 
itself may determine specificity and not exudates.
Comparisons of scanning electron micrographs of leaf and sheath
surfaces in this study qualitatively demonstrated that resistant
cultivars appeared to deposit significant quantities of wax compared to
susceptible ones. Gravimetric analysis of EW quantity in this study 
also confirmed this association. Similar results were reported for a 
different array of rice cultivars with different levels of resistance 
(49,50).
According to Baker et al. (5), the chief components of the plant 
cuticle are cut in and wax. The cut in forms the framework of the 
cuticular membrane which carries the wax on the surface and embedded 
within it. Its main importance was considered to be in conserving 
water and nutrients, influencing the behavior of sprays, and probably 
being functional in the infection process by pathogens (3,5,8,9,68). 
In addition, protection against mechanical and pest damage and 
atmospheric pollutants such as 0^ was suggested by Hanover et al. (24).
A well developed cuticle has been suggested to limit invasion by 
fungi. Stockwell and Hanchey (65) suggested that increased cuticle 
thickness and cell wall calcification induced resistance in older bean 
plants to damping-off caused by R. solani. Older bean plants became 
susceptible when they were treated with chloroform, carborundum, or 
mist prior to inoculation with R. solani.
To gain a better understanding of the influence of cuticle and wax 
on fungal penetration and the infection process, more information is 
needed on the chemical nature and the absolute relative amounts of 
components in cuticles and waxes. Hull et al. (30) studied the 
physiological significance of EW on leaves and observed that under 
windy conditions, EW was removed by weathering due to contact between 
leaves and leaves and the ground (29,30). In their study, the quantity 
of EW was rated by measuring the angle formed by water droplets on 
leaves with a microprojector. Removal of the surface wax invariably 
reduced the angle of contact. The physical structure and distribution 
of EW affects deposition, distribution, and retention of chemicals 
applied to foliage as aqueous solution or suspensions. It is therefore 
conceivable that this attribute affects sclerotia adherence, hyphal 
growth, infection structure formation, and subsequent host-pathogen 
interaction.
Krause et al. (42), found that morphological variations in 
epicuticular wax in eastern white pine clones were correlated with 
sensitivity to SC^. In our study the correlation coefficients obtained 
for the relationship of EW concentration to disease development and 
infection cushion formation were highly significant. These 
relationships suggest that superficial deposition of wax may be
17
functional either as a physical barrier suppressing the release to the 
surface of stimuli(us) or infection cushion elicitor(s), and/or 
differentially modifying the physical topography of the cuticular 
surface.
The waxes in themselves may contain variations in their chemistry 
so as to effect some form of fungistatic or fungitoxic behavior. There 
is some evidence to support this in cotton and tobacco. Kriuschank 
reported that duvatriendediols associated with cuticular wax of tobacco 
leaves were fungitoxic in nature (10). Plant surfaces contain 
fungistatic and/or fungitoxic compounds as a rule rather than the 
exception according to some (3,36,37). Compounds isolated from 
cuticular waxes of a number of plants were reported to inhibit spore 
germination of pathogenic fungi (3,8,9,66). The drawback, however, is 
that the chemical nature and the biochemical mode of action of these 
wax components, which probably constitute part of a preformed defense 
mechanism of plants against fungal attacks, have yet to be given the 
needed research emphasis.
The future approach to developing sound and practical programs for 
sheath blight control may be to consider breeding and selection for wax 
production as an integral component. Broad sense heritability of wax 
in alfafa clones was 0.99 indicating that epicuticular wax of alfafa 
could be improved by breeding and selection (17,38,42,55,62). Genetic 
variation for wax production and quantity does exist in rice cultivars 
adapted for different ecologies (50). This type of variation has also 
been reported to exist in sorghum, wheat, barley and other crops. 
Environmental parameters such as temperature, light intensity, 
humidity, and moisture have been reported to significantly influence EW
production, deposition, and retention (17,19,24,29,30). The need to 
understand the genetics of surface wax deposition in rice and the 
possible influences of the environment is paramount.
Although EW appears to be only one defense mechanisms for 
resistance to sheath blight in rice, it is worthwhile to seek answers 
to questions about the inheritance of EW deposition in rice. Several 
other areas of interest to be considered include: (a) determination of 
the chemical nature of waxes produced on both resistant and susceptible 
cultivars; (b) evaluation of solubility efficiency or extractability of 
EW which may provide information on surface wax retention capabilities; 
(c) in-vitro evaluation of the effect of extracted wax on solani 
growth and activities; (d) investigation of EW genetics and 
heritability; (e) evaluation of the effects of temperature, light 
intensity and duration, humidity and moisture and other environmental 
factors on wax production and retention and (f) investigation of 
cuticular differences in resistant and susceptible cultivars.
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Table 1. Means for seven methods of evaluating sheath blight disease and for epicuticular wax 
determination in a greenhouse test conducted in Baton Rouge, LA in 1987.
Cultivar
Disease^
height
(%)
Disease
rating
scale
(0-9)
Infection 
cushion 
(#/cni )
Tissue
diseased
(%)
r • 4 Lesion
rating
scale
(1-5)
Lesion’’
size
2-WAI
(cm)
Lesion"’
size
4-WAI
(cm)
Epicuticular^
wax
(mg/g)
Labelle 100.0 a 9.0 a 73.4 a 100.0 a 5.0 a 10.8 a 32.2 a 14.8 f
Lebonnet 75.0 b 8.6 a 67.6 a 100.0 a 5.0 a 11.0 a 29.4 a 18.7 de
Lemont 75.0 b 8.4 a 66.0 a 100.0 a 5.0 a 10.8 a 20.8 b 20.6 d
Zenith 50.0 c 6.4 b 41.6 b 80.0 b 4.2 b 10.2 a 15.8 c 15.4 ef
Saturn 50.0 c 6.0 b 30.4 c 75.0 c 4.0 b 4.8 b 8.4 d 21.7 c
Mars 50.0 c 4.8 c 27.2 c 63.0 d 3.4 c 5.2 b 8 .4 d 24.6 c
Taipei-309 30.0 d 4.4 c 16.6 d 43.0 e 3.0 d 4.6 be 6.6 de 29.1 b
Taducan 10.0 e 3.0 d 10.4 d 25.0 f 3.0 d 3.2 be 4.4 ef 30.8 b
Tetep 10.0 e 2.6 d 9.2 d 21.0 g 2.0 e 2.4 c 3.0 f 39.2 a
LSD (0.05) 13.47 0.86 7.57 3.94 0.31 2.10 3.22 3.38
 ^Means followed by the same letter within columns were not significantly different at p = 0.05 
using the Least Significant Difference comparison.
2
Maximum height of sheath blight symptoms on rice plants inoculated at the soil surface divided by 
the plant height as measured to the tip of the longest leaf.
O
Disease rating scale with 0 equal to no disease (resistant) and 9 equal to maximum disease 
(susceptible).
^ Lesion rating scale with 1 equal to small, restricted lesions with wide reddish-brown
margins and 5 equal to broad blighted areas with relatively little browning at lesion margins.
^ Linear measure of tissue diseased (cm) 2 and 4 weeks after inoculation (WAI).
6 Epicuticular wax (mg/g leaf tissue) extracted with chloroform and quantified gravimetrically.
Table 2. Means for seven methods of evaluating sheath blight disease and for epicuticular wax 
determination in a field test conducted at the Rice Research Station, Crowley, LA. in 
1987.
Cultivar
2
Disease
height
(%)
3
Disease
rating
scale
(0-9)
Infection 
cushion 
(#/cm )
Tissue
diseased
(%)
Lesion
rating
scale
(1-5)
Lesion’’
size
2-WAI
Lesion"*
size
4-WAI
Epicuticular^
wax
(mg/g)
Labelle 85.0 a 8.3 a 66.0 a 96.7 a 5.0 a 10.6 a 26.9 a 9.6 e
Lebonnet 71.7 b 8.7 a 61.8 a 100.0 a 5.0 a 8.1 be 26.2 a 9.9 e
Lemont 76.7 ab 7.7 a 55.6 b 80.0 b 5.0 a 6.6 cd 20.6 b 12.6 d
Zenith 48.3 c 5.7 b 33.2 c 65.0 c 4.0 b 9.4 ab 18.1 be 10.6 de
Saturn 57.7 c 5.0 b 20.6 d 50.0 d 3.3 c 5.8 de 12.5 d 18.5 c
Mars 48.3 c 4.7 b 23.8 d 51.7 d 3.3 c 6.6 cd 14.1 cd 18.0 c
Taipei-309 33.3 d 3.3 c 7.8 e 35.0 e 3.3 c 6.5 cd 10.1 de 18.3 c
Taducan 10.0 e 2.0 d 2.7 f 13.3 f 2.0 d 4.6 ef 7.2 ef 21.9 b
Tetep 6.7 e 1.3 d 2.0 f 10.0 f 2.0 d 3.1 f 4.9 f 28.2 a
LSD (0.05) 11.86 1.20 4.98 11.14 0.58 1.61 4.53 1.75
* Means followed by the same letter within columns were not significantly different at p = 0.05 
using the Least Significant Difference comparison.
2
Maximum height of sheath blight symptoms on rice plants divided by the plant height as measured to 
the tip of the longest leaf.
3
Disease rating scale with 0 equal to no disease (resistant) and 9 equal to maximum disease 
(susceptible).
^ Lesion rating scale with 1 equal to small, restricted lesions with wide reddish-brown
margins and 5 equal to broad blighted areas with relatively little browning at lesion margins.
"* Linear measure of tissue diseased (cm) at 2 and 4 weeks after inoculation (WAI).
^ Epicuticular wax (mg/g leaf tissue) extracted with chloroform and quantified gravimetrically.
Table 3. Leaf blade epicuticular wax* (mg/g tissue) for rice cultivars evaluated at different 
stages of growth a in field test at the Rice Research Station at Crowley, LA in 1987.
Cultivar Mid-
tillering
Culm
elongation
Growth
Early-
boot
Stages
Late-
boot
Heading Soft-
dough
Mean
Tetep 20.9 a 27.9 a 36.5 a 32.4 a 29.0 a 22.7 a 28.23
Taducan 17.5 b 21.7 b 25.2 b 28.4 b 20.4 b 18.3 b 21.92
Taipei-309 15.7 be 17.7 c 19.8 d 21.3 c 18.9 be 16.2 c 18.27
Mars 14.6 c 17.8 c 22.8 c 20.4 c 16.9 d 15.8 c 18.05
Saturn 14.7 c 20.3 b 22.3 c 19.6 c 17.9 cd 15.9 c 18.52
Zenith 9.8 d 12.2 de 14.1 ef 11.2 e 9.3 e 9.0 e 10.60
Lemont 10.2 d 14.3 d 15.5 e 14.9 d 9.6 e 11.0 d 12.58
Lebonnet 9.5 d 11.2 ef 12.6 f 9.8 e 8.7 ef 7.4 f 9.87
Labelle 9.5 d 9.6 f 13.3 f 10.9 e 7.3 f 6.7 g 9.55
Mean 13.60 16.97 20.23 18.88 15.33 13.67
LSD (0.05) 2.07 2.35 1.97 1.61 1.82 0.70
* Epicuticular wax was extracted by a 60 second dip in chloroform and expressed as mg EW/g of leaf 
blade tissue. Values are the means of 4 replicates.
2
Means followed by the same letter within columns were not significantly different at p = 0.05 
using the Least Significant Difference comparison.
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Table 4. Mean disease rating for nine rice cultivars evaluated for
sheath blight resistance over time in the^field at the Rice
Research Station at Crowley, LA. in 1987.
2
Weeks after inoculation
Cultivar 2 4 6 Mean
Labelle 2.0 a 3.7 be 8.3 a 4.67
Lebonnet 2.0 a 4.3 ab 8.7 a 5.00
Lemont 2.0 a 4.7 a 7.7 a 4.80
Zenith 1.7 a 3.7 be 5.7 b 3.70
Saturn 1.7 a 3.0 cd 5.0 b 3.23
Mars 1.3 a 3.0 cd 4.7 b 3.00
Taipei-309 1.3 a 2.3 e 3.3 c 2.30
Taducan 1.0 a 1.3 e 2.0 d 1.43
Tetep 1.0 a 1.3 e 1.3 d 1.20
Mean 1.56 3.03 5.19
LSD (0.05) 0.93 0.90 1.20
Means followed by the same letter within columns were not 
significantly different at p = 0.05 using the Least Significant 
Difference comparison.
2
Plants were inoculated at 45 days after planting.
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Table 5. Mean disease rating for nine rice cultivars evaluated for
sheath blight resistance over time in the greenhouse at Baton
Rouge, LA. in 1987.
2
Weeks after inoculation
Cultivar 2 4 6 8 Mean
Labelle 2.6 a 4.8 ab 7.8 a 9.0 a 6.05
Lebonnet 2.6 a 5.2 a 7.6 ab 8.6 a 6.00
Lemont 2.6 a 4.2 be 6.6 be 8.6 a 5.50
Zenith 2.4 a 4.2 be 5.6 cd 6.4 b 4.65
Saturn 1.6 be 3.6 c 5.2 de 6.0 b 4.10
Mars 2.2 ab 3.4 cd 4.2 ef 4.8 c 3.90
Taipei-309 1.6 be 2.6 de 3.4 fg 4.4 c 3.00
Taducan 1.2 c 2.2 e 2.6 gh 3.0 d 2.25
Tetep 1.0 c 2.0 e 2.0 h 2.0 d 1.75
Mean 1.98 3.58 5.00 5.87
LSD (0.05) 0.73 0.82 1.05 0.86
* Means followed by the same letter within columns were not
significantly different at p = 0.05 using the Least Significant 
Difference comparison.
2
Plants were inoculated 45 days after planting.
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Table 6. Mean percentage of leaf and sheath tissue diseased for nine 
rice cultivars evaluated for sheath blight resistance in a 
field.test at the Rice Research Station at Crowley, LA in
1987.
2
Weeks after inoculation
Cultivar 2 4 6 8 Mean
Labelle 18.3 b 45.0 a 80.0 a 96.7 a 60.00
Lebonnet 23.3 a 45.0 a 71.7 b 100.0 a 60.00
Lemont 10.0 c 26.7 b 50.0 c 80.0 b 52.23
Zenith 8.3 cd 23.3 b 43.3 c 65.0 c 34.98
Saturn 8.3 cd 20.0 b 35.0 d 50.0 d 28.33
Mars 10.0 c 21.7 b 35.0 d 51.7 d 29.60
Taipei-309 5.0 d 10.0 c 16.7 e 35.0 e 16.68
Taducan 5.0 d 6.7 c 11.7 ef 13.3 f 9.18
Tetep 5.0 d 5.0 c 8.3 f 10.0 f 7.08
Mean 10.36 22.60 39.00 55.71
LSD (0.05) 3.35 6.33 7.30 11.12
Means followed by the same letter within columns were not 
significantly different at p = 0.05 using the Least Significance 
Difference comparison.
2 Plants were inoculated 45 days after planting.
Table 7. Mean percentage of leaf and sheath tissue diseased for nine rice cultivar^ evaluated for
sheath blight resistance in a greenhouse test in Baton Rouge, LA in 1987.
2
Weeks after inoculation
Cultivar 1 2 3 4 5 6 Mean
Labelle 10.0 a 27.0 a 70.0 a 97.0 a 100.0 a 100.0 a 67.33
Lebonnet 10.0 a 30.0 a 49.0 b 74.0 b 100.0 a 100.0 a 60.50
Lemont 10.0 a 28.0 a 48.0 b 76.0 b 100.0 a 100.0 a 60.33
Zenith 5.0 b 15.0 b 29.0 c 52.0 c 73.0 b 80.0 b 42.33
Saturn 10.0 a 24.0 a 26.0 be 49.0 c 73.0 b 75.0 c 42.83
Mars 10.0 a 24.0 a 25.0 cd 48.0 c. 56.0 c 63.0 d 37.67
Taipei-309 5.0 b 14.0 b 20.0 d 34.0 d 41.0 d 43.0 e 26.17
Taducan 3.0 c 10.0 b 10.0 e 10.0 e 20.0 e 25.0 f 13.00
Tetep 2.0 d 10.0 b 10.0 e 10.0 e 12.0 f 21.0 g 10.83
Mean 7.22 20.22 31.89 50.00 63.89 67.44
LSD (0.05) 3.83 6.77 6.54 8.41 4.14 3.94
* Means followed by the same letter within columns were not significantly different at p = 0.05 
using the Least Significant Difference Comparison.
2 Plants were inoculated 45 days after planting.
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Table 8. Mean lesion rating for nine rice cultivars evaluated for
sheath blight resistance in a field test-at the Rice
Research Station at Crowley, LA in 1987.
2
Weeks after inoculation
Cultivar 1 2 3 4 Mean
Labelle 1.0 a 3.0 a 4.3 ab 5.0 a 3.33
Lebonnet 1.0 a 3.3 a 4.7 a 5.0 a 3.50
Lemont 1.0 a 2.0 b 3.3 be 5.0 a 2.83
Zenith 1.0 a 1.7 b 3.0 c 4.0 b 2.43
Saturn 1.0 a 2.0 b 2.7 cd 3.3 c 2.25
Mars 1.0 a 2.0 b 2.7 cd 3.3 c 2.25
Taipei-309 1.0 a 1.7 b 2.3 cde 3.3 c 2.08
Taducan 1.0 a 1.3 be 1.7 de 2.0 d 1.50
Tetep 1.0 a 1.0 c 1.3 e 2.0 d 1.30
LSD (0.05) NS 0.61 1.04 0.58
Ratings were based on a 1 to 5 scale where 1 = restricted lesions 
with wide reddish-brown margins and 5 = extensive blighted areas 
with relative little browning on the margins. Means followed by 
the same letter within columns were not significantly different at 
p = 0.05 using the Least Significant Difference comparison.
2
Plants were inoculated 45 days after planting.
Table 9. Mean lesion rating for nine rice cultivars evaluated for sheath^blight resistance over
time in a greenhouse test conducted at Baton Rouge, LA in 1987.
2
Weeks after inoculation
Cultivar 1 2 3 4 5 6 Mean
Labelie 1.4 a 2.4 a 3.8 a 5.0 a 5.0 a 5.0 a 3.77
Lebonnet 1.4 a 2.2 ab 3.6 a 4.6 a 5.0 a 5.0 a 3.63
Lemont 1.0 b 2.0 b 2.2 b 3.4 b 5.0 a 5.0 a 3.01
Zenith 1.0 b 1.0 c 2.2 b 3.2 b 3.2 b 4.2 b 2.47
Saturn 1.0 b 1.0c 2.0 b 3.2 b 3.4 b 4.0 b 2.43
Mars 1.0 b 1.0 c 2.0 b 2.2 c 3.2 b 3.4 c 2.13
Taipei-309 1.0 b 1.0 c 1.4 c 2.4 c 3.0 be 3.0 d 1.97
Taducan 1.0 b 1.0 c 1.0 c 1.2 d 2.0 c 3.0 d 1.53
Tetep 1.0 b 1.0 c 1.0 c 1.0 d 1.2 d 2.0 e 1.20
LSD (0.05) 0.33 0.29 0.47 0.56 0.40 0.31
Ratings were based on a 1-5 scale where 1 equal to brown necrotic lesions with small gray centers 
relative to the brown marginal area and 5 = broad rapidly expanding necrotic areas with very 
little browning around the margin. Means followed by the same letter within columns were not 
significantly different at p = 0.05 using the Least Significant Difference comparison.
2
Plants were inoculated 45 days after planting.
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Table 10. Mean percentage of tillers infected for nine rice
cultivars evaluated for sheath blight resistance over time 
in a field test at the Rice Research Station at Crowley, . 
LA. in 1987.
Cultivar 2
2
Weeks after inoculation 
4 6 8 Mean
Labelle 23.3 be 36.7 abc 71.7 a 96.7 a 57.10
Lebonnet 33.3 a 46.3 a 71.7 a 93.3 ab 61.15
Lemont 25.0 ab 40.0 ab 51.7 b 83.3 abc 50.00
Zenith 21.7 be 43.3 a 61.7 ab 73.3 c 50.00
Saturn 16.7 be 30.0 bed 50.0 b 78.3 be 43.75
Mars 16.7 be 36.0 abc 59.3 ab 78.3 be 47.58
Taipei-309 13.3 c 21.7 d 31.7 c 58.3 d 31.25
Taducan 15.0 be 25.0 cd 33.3 c 43.3 e 29.15
Tetep 15.0 be 22.7 d 32.3 c 39.0 e 27.25
Mean 20.0 35.5 51.5 71.5
LSD (0.05) 9.5 11.0 12.2 14.5
Means followed by the same letter within columns were not 
significantly different at p = 0.05 using the Least Significant 
Difference comparison.
2
Plants were inoculated 45 days after planting.
Table 11. Pearson’s correlation coefficients for selected characters evaluated in a field test at
the Rice Research Station at Crowley, LA in 1987.
2
Disease
rating
scale
(0-9)
3
Tissue
diseased
(%)
Lesion
rating
scale
(1-5)
Infection 
cushion 
(#/cm )
Infected
tillers
( % )
Lesion^
size
2-WAI
(cm)
Lesion
size
4-WAI
(cm)
Dis. height 0.63 0.91 0.92 0.91 0.87 0.72 0.84
Dis. rating 0.96 0.93 0.96 0.89 0.72 0.92
Dis. tissue 0.92 0.95 0.89 0.79 0.96
Les. rating 0.92 0.83 0.74 0.89
Inf. cushion 0.95 0.75 0.92
Inf. tillers 0.74 0.86
Les. size-2WAI 0.79
* Pearsons correlation analysis based on (SAS) statistical analysis system (63). All values for 
(r) were significant at p = 0.01.
2
Disease rating scale with 0 equal no disease (resistant) and 9 equal to maximum disease 
(susceptible).
3
Percentage tissue diseased was based on amount of necrotic tissue within a plot.
^ Lesion ratings scale with 1 equal to extremely small, restricted lesions with wide reddish-brown 
margins and 5 equal to broad blighted areas with relatively little browning at margins.
^ Linear measure of tissue diseased (cm) 2 and 4 weeks after inoculation (WAI).
Table 12. Pearson's correlation coefficients for selected measurements of sheath blight disease 
and epicuticular wax production at different times during the season. Test conducted 
at the Rice Research Station at Crowley, LA in 1987.
2
Growth
stage
Disease
height
(cm)
Disease
rating
scale
(0-9)
Tissue
diseased
(%)
Lesion
rating
scale
(1-5)
Infection 
cushions 
(#/cm )
Infected
tillers
(%)
Lesion^ 
size 
2-WAI 
(cm)
Lesion^
size
4-WAI
(cm)
MT -0.84 -0.87 -0.89 -0.92 -0.87 -0.79 -0.84 -0.88
SE -0.81 -0.77 -0.88 -0.84 -0.85 -0.78 -0.86 -0.85
EB -0.80 -0.79 -0.85 -0.86 -0.80 -0.79 -0.84 -0.83
LB -0.87 -0.86 -0.90 -0.90 -0.87 -0.84 -0.86 -0.90
H -0.85 -0.84 -0.90 -0.87 -0.89 -0.81 -0.84 -0.88
SD -0.85 -0.81 -0.90 -0.90 -0.90 -0.82 -0.88 -0.93
All coefficients were significant at p = 0.01 level of significance.
Wax determinations were made at growth stages corresponding to the (MT) maximum tillering, (SE) 
stem elongation, (EB) early boot, (LB) late boot, (H) heading, and (SD) soft dough.
Linear measure of tissue diseased (cm) at 2 and 4 weeks after inoculation (WAI).
Table 13. Pearson's correlation coefficients for selected disease evaluation methods and
epicuticular wax formation in a greenhouse test conducted at Baton Rouge, LA in 1987.
Disease Disease 
height rating 
(cm) scale 
(0-9)
Tissue
diseased
(%)
Lesion
rating
scale
(1-5)
Infection 
cushion 
(#/cm )
Lesion
size
2-WAI
(cm)
Lesion
size
4-WAI
(cm)
Disease 
height (cm)
---- 0.94 0.90 0.87 0.90 0.74 0.85
Disease 
rating (0-9)
0.94 0.95 0.94 0.81 0.87
Tissue 
diseased (%)
0.94 0.92 0.84 0 . 8 6
Lesion 
rating (1-5)
0.92 0.80 0.85
Infection 
cushion no. •
0.82 0.91
Lesion size 
2-WAI (cm)
0 . 8 6
Epicuticular -0.78 -0.80 -0 . 8 6 -0.84 -0.74 -0.77 -0.73
wax (mg/g)
Pearson's correlation based on (SAS) statistical analysis system (63). All 
r-values were significant at the p = 0 . 0 1  level.
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FIG. 1 Greenhouse test conditions at Baton Rouge, LA indicating
(A) bench and frame (FR) with water holding capacity,
(B) galvanized flats containing plants in rows separated by 
longitudinally cut white polyvinylchloride (PVC) pipes 
utilized to concentrate inoculum at base of plants, and
(C) humidity chamber (HC) showing polyethylene plastic (PP) 
sheet covering.
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FIG. 2 Scanning electron micrographs showing
(A) waxy sheath surface from resistant cultivar Tetep,
(B) sheath surface from susceptible cultivar Labelle with 
comparatively less wax,
(C) waxy leaf blade surface of resistant cultivar Taducan 
showing stomata (st) and guard cells (gc) and
(D) magnified leaf blade surface; topography of Taducan 
showing papilla (pp) and wax crystal (wc) layer.
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CHAPTER II
EFFECT OF NITROGEN FERTILIZATION ON SHEATH BLIGHT DEVELOPMENT IN 
RICE CULTIVARS WITH DIFFERENT LEVELS OF RESISTANCE
ABSTRACT
The three cultivars Labelie, a sheath blight susceptible 
long-grain; Mars, and Saturn, both moderately resistant medium-grain 
cultivars, were evaluated under field and greenhouse conditions for 
their response to sheath blight, caused by Rhizoctonia solani, as 
influenced by different rates of nitrogen fertilization. The 
influence of nitrogen on plant biomass, percent diseased tissue, 
number of infection cushions (IC), quantity of epicuticular wax (EW) 
produced, lesion size, panicle sterility, and disease severity were 
assessed. In 3 years of evaluations, sheath blight severity was 
significantly affected by fertilization with different rates of 
nitrogen. The magnitude of disease, amount of biomass produced, 
number of infection cushions formed, and the quantity of wax produced 
were significantly influenced by nitrogen, cultivar, and the 
interaction of nitrogen X cultivar. The percentage of tillers 
infected was significantly higher in Labelle at all levels of 
nitrogen. The effect of nitrogen on infected tillers was significant 
in assessments made early in disease progress, but not in assessments 
made at maturity. The rate of disease development varied with 
nitrogen rate, cultivar, and time. Quantity of biomass produced was 
an important determinant in the subsequent amount of disease. EW
40
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quantity usually declined with increases in nitrogen. The average IC 
number produced in Labelle was at least two times that produced on
either Mars or Saturn. IC counts tended to be highest at the two
intermediate levels of nitrogen. Although year to year variation was 
evident, cultivars generally held similar rank. Significant 
correlation coefficients ranging from r = -0.57 to r = -0.71; r = 
-0.52 to r = -0.78; and r = 0.44 to r = 0.71 were calculated for IC
number versus EW production, disease versus EW production, and disease
versus IC number, respectively. Nitrogen was significantly negatively 
correlated with quantity of wax produced and significantly positively 
correlated with disease rating and percent tillers infected. Yield 
comparisons of inoculated versus uninoculated plots indicated a 
significantly higher mean yield loss in Labelle compared to Mars and 
Saturn. The effect of nitrogen on percent yield loss was not 
significant at all nitrogen levels. These interrelationships confirm 
previous suggestions that EW serves either as a physical barrier or a 
factor that appears to suppress yet undetermined inducers of IC's.
INTRODUCTION
Sheath blight, caused by Rhizoctonia solani Kuhn (imperfect) 
[Thanatephorus cucumeris (Frank) Donk (perfect)], is a destructive 
fungal disease of rice (23,24,40,41). It is second only to rice blast 
(Pyricularia oryzae Cav) in importance on rice on a global basis
(23,24). The fungus causes disease at all stages of rice development 
and can attack all parts of the plant (23,39,40). Yield losses of 7 
to 50 percent can be incurred depending on the stage of plant
42
development at which infections occur (13,14,56). The organism is 
ubiquitous and possesses an extremely wide and variable host range 
(2,3,38,55). Although the disease was first recorded on rice in the 
early 1900's, only recently, beginning in the early 1970's, has it 
become prominent in major rice growing areas of the world. Sheath 
blight is especially important in the southern United States rice 
growing states of Louisiana, Texas, Arkansas, and Mississippi. 
According to recent indications from disease surveys in Louisiana, 
sheath blight rates as the most important disease (8,9,49). Virtually 
all of the commercial, high-yielding rice cultivars grown in Louisiana 
and the other Southern states are very susceptible.
Controlling or suppressing the disease is difficult as the only 
known sources of resistance are in lines and exotic rice germplasm 
possessing poor agronomic attributes. Many cultural practices such as 
plant spacing, crop rotation, nutritional amendments; especially 
nitrogen, plant morphology, type, and tillering habit have been cited 
as possible factors that influence disease development 
(5,8,11,15,16,20,21,22,25,26,34,40,44,47,48).
It has been suggested that the dense canopies, thick stands with 
concomitant reduction in light intensity and aeration, and the 
resultant lengthy periods of leaf wetness due to excessive nitrogen 
fertilizer provide conducive conditions for disease increase 
(4,8,15,16,18,21,22,24,36,46). In a nitrogen source by rate trial 
conducted at the International Rice Research Institute (IRRI), it was 
observed that both factors significantly affected sheath blight 
incidence. The percentage of infected tillers increased from 28 to 
77% when nitrogen was increased from 20 to 120 ppm (14,16). Groth
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and Brandon (8 ) observed that factors such as nitrogen use efficiency, 
susceptibility to lodging, and susceptibility to sheath blight were 
important elements that impacted on disease development. 
Physiological and morphological changes in the plant and microclimatic 
changes due to canopy differencies caused by nitrogen fertilization 
also affected subsequent disease development (8 ). Kannaiyan and 
Prasad (18) reported that disease spread was influenced by spacing and 
stand density. The rate of spread was more rapid in close spacings. 
However, the effect of nitrogen and its impact on other factors 
possibly involved in resistance has not been extensively evaluated.
Our objectives, therefore, were (1) to determine the effect of 
nitrogen on disease progress, disease development, and agronomic 
characterisitics of cultivars differing in their reaction to R. 
solani; (2) to determine possible differences in numbers of IC formed 
on cultivars with different resistance levels under different nitrogen 
rate treatments; and (3) to quantify EW production on these cultivars 
grown under different nitrogen treatments.
MATERIALS AND METHODS
Field experiments were conducted at the Rice Research Station, of 
the Louisiana Agricultural Experiment Station, Crowley, Louisiana for 
three consecutive growing seasons (1985-1987), to study the effects of 
varying levels of nitrogen on the incidence and development of sheath 
blight disease caused by R^ solani in rice (Oryza sativa L.) cultivars 
with known differences in their susceptibility levels to the disease. 
Characteristics and properties of the Crowley silt loam soil on which
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these studies were conducted are presented in Appendix B, Table 1. 
Cultural Practices The experimental planting material consisted of 
one susceptible long-grain cultivar (Labelle) and two moderately 
resistant medium-grain cultivars (Mars and Saturn). In 1985 and 1986, 
seeds were drill seeded with a single row "Planet Junior" planter. In 
1987, seeds were drill planted with a seven-row planter with drills 
spaced 18 cm apart. In the first two years, each subplot consisted of 
eight rows measuring 6.01 m long. The 1987 plots each had seven rows
3.7 m long. Main plots were separated by 1.22 m within a block and 
subplots were separated from each other within a main plot by a 
distance of 0.92 m. Blocks were seperated from each other by a 
spacing of 1.5m. After planting, plots were flush irrigated and 
subsequently drained. Depending on the prevailing weather conditions, 
flush irrigation was repeated when necessary to enhance germination 
and seedling growth. Approximately three weeks after sowing, a 
permanent flood was introduced into the plots and maintained at 13 to 
16 cm deep throughout the growing season. At planting, 375 kg/ha of 
0-20-20 fertilizer (N-P2 O 5 -K2 O) was applied pre-plant. Designated 
main plots received one of six rates of nitrogen applied in the form 
of ammonium sulfate (21 % N) at 0, 75, 150, 225, 300 and 375 kg/ha N. 
All treatments were applied between 18 to 21 days after seeding. This 
coincided with periods immediately following herbicide application and 
just prior to establishing a permanent flood. Prior to applying the 
nitrogen treatments, propanil was applied at the rate of 5 kg ai/ha 
for weed control. Carbofuran was applied at the rate of 25 kg/ha 
prior to maximum tillering to control the rice water weevil.
Inoculum was prepared by mixing a 1:2 ratio V/V rice grain-rice
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hulls in 2-liter Erlenmeyer flasks. Distilled water was poured into 
the flask to three-fourths the height of the grain : hull mixture to 
moisten the medium. This was subsequently autoclaved for 18 minutes 
at 121°C and 15 PSI pressure. The mixture was allowed to stand at 
room temperature for 24 to 48 hours and then autoclaved for a second 
time. The mixture was subsequently allowed to cool to room 
temperature. Agar plugs from petri plates containing sclerotia and/or 
mycelia from pure cultures of R. solani were placed in the flask on 
top of the rice hull:rice grain mixture using an alcohol dipped, flame 
sterilized needle or spatula. The flask containing the medium was 
incubated at 26 C for 18-21 days. Approximately 45 days after sowing 
one half of each subplot was inoculated with moist rice grain:rice 
hull fungus inoculum at the rate of 1 ml/0.30 m of row. R_^  solani 
isolate LR-172, pathogenic to rice and belonging to anastomosis group 
AG-1, was utilized in all tests.
The design used was a randomized complete block with a split-split 
plot treatment arrangement and three replications. Nitrogen 
treatments were assigned to main plots, cultivars to subplots, and 
inoculum to sub-subplots. Nitrogen levels were randomly assigned 
within blocks; cultivars randomly assigned within nitrogen treatments, 
and inoculation randomly allocated within cultivars.
Data Collection: Disease assessment with respect to height of
disease on infected tillers, percentage of tissue diseased, and 
percentage of tillers infected was recorded at 2, 4 and 6 weeks after 
inoculation. Final disease assessment was made at maturity. Samples 
were collected 3 weeks after inoculation to assess the number of
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2infection cushions formed per cm of leaf or sheath tissue (30). 
Number of infected tillers/m of row and/or number of infected 
tillers/25 counted were recorded. A measure of plant biomass was made 
by recording weight of dry matter/m of row and leaf area. Leaf 
samples were collected at flowering and two weeks after flowering, for 
epicuticular wax extraction and quantification in 1987. Plant height 
was recorded as the distance from the soil surface to the tip of the 
panicle, with four height measurements taken at random in each plot.
Yield samples were harvested from the four middle rows of each plot.
2 2 Harvested samples covered an area of 2.1m in 1985 and 1986 and 1.3m
in 1987. Rice panicles were harvested using a sickle, bagged, and
threshed in a two cycle thresher after drying for 1 week. Yield in
kg/ha was recorded and adjusted to 12% moisture equivalent utilizing a
Burrows digital moisture meter.
Sheath blight infected rice leaf blade and leaf sheath tissue was
collected for the purpose of assessing the relative number of
infection cushions formed. Light microscopy was employed to observe
and count the number of infection cushions associated with diseased
tissue. Leaf pieces were excised from the borders of lesions 21 days
after inoculation in the field and ten days after inoculation in the
greenhouse. Tissue pieces were placed in labelled vials containing
formalin acetic acid (FAA) solution made up of 10 parts 37%
formaldehyde; 50 parts 95% ethyl alcohol; 5 parts glacial acetic acid
and 35 parts cold water (30). For light microscopic observations,
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tissue pieces were cut into 1-cm pieces, cleared and stained by 
simmering for three minutes in aniline blue-lactophenol (1 ml lactic 
acid, 1 ml phenol, 8 ml ethanol, 4 mg aniline blue, 1 ml distilled
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water) (10). Tissue pieces were then mounted in lactophenol and 
observed at low power (10 X) on a Zeiss optical microscope.
Disease Evaluation.
The percentage of tillers infected was determined from four 
samples of 25 tillers within each inoculated plot. The first three 
evaluations made in 1985 were counts per meter of row, whereas, the 
final assessment followed the method described above. The number of 
tillers per meter row was determined by counting two 1-meter segments 
of row in each plot and averaging the two values.
A disease rating scale of 0 (no disease) to 9 (most tillers dead 
at maturity) based on lesion size and percent tissue infected was used 
to record the level of resistance. The vertical and horizontal spread 
of the disease were elements also considered in the ratings and 
determination of percent diseased tissue. The relative height of 
infected tissue was measured and recorded as percent of total plant 
height. The disease rating scale utilized to rate disease was 
previously described by Hoff et al. and more recently by Rush et al. 
(9,12). A lesion rating scale was utilized to evaluate the pattern of 
lesion spread, the rate of spread, and the degree of relative browning 
around the lesion. The scale ranged from 1 to 5 where 1 was equal to 
small restricted lesions with significant brown margins and 5 was 
equal to broad extensively blighted areas with relatively little 
browning at the margins.
A modification of the scheme of Marshall and Rush (30,31) was
employed to process leaf tissue pieces for scanning electron
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microscopic observations. Leaf tissue pieces 1-2 cm in size were
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fixed for four hours in chilled FAA containing 1 g mercuric chloride 
per 10 ml FAA prepared as described previously (29,30). This was 
followed by 2 transfers through cold FAA without mercuric chloride for 
6 hours each and two 30 minute rinses with deionized water to rid the 
tissue of excess fixative. Tissue pieces were then put into vials 
containing acidified DMP (2,2-dimethoxypropane + HC1) for 4 hours. 
According to Marshall and Rush (29), and Muller and Jacks (37), this 
procedure enhanced rapid dehydration without interfering with the 
surface wax. Following dehydration, tissue pieces were critical point 
dried in liquid C0o using 100 percent ethyl alcohol as transitional 
fluid. Dried pieces were mounted on aluminum stubs using a double 
stick adhesive cellophane tape. Mounted specimens were sputter coated 
for two minutes in a Hummer sputter coater. Two hundred angstrom of 
gold-palladium film was deposited on the surface of each specimen. 
Observations were made using a Hitachi S-500 electron microscope 
operated at 25 kv.
Epicuticular wax was analyzed by the method of Silva Fernandes et 
al. (39,50) modified to quantify the extractable wax. After 
preliminary tests comparing the time of immersion on wax extraction, a 
60 second dip-time was adopted. Two grams of leaf tissue, excised 
from the two top leaves at each collection time, was immersed in 40 ml 
of redistilled chloroform and agitated continuously. The contents 
were subsequently filtered through Whatman #2 filter into a 
previously weighed test tube or thin aluminum weighing dish. The 
chloroform was allowed to vaporize in vacuo at 35 C for 24-48 hours or 
allowed to evaporate in an enclosed safety hood with the exhaust on 
for 48-72 hours. The weight of extracted wax was devided by the
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weight or area of tissue used. Preliminary test runs of the
gravimetric analysis showed a strong positive correlation between wax
2
extracted per weight of leaf tissue (mg/gm) and surface area (mg/cm ).
All data was subjected to the standard analysis of variance for 
all characters measured. Pearson's correlation analysis was employed 
to establish and evaluate relationships among selected characters of 
interest. All main and interaction effects of significance were 
further subjected to Duncan's multiple range test or the Least 
Significant Difference comparison (51,52,53).
GREENHOUSE
Greenhouse experiments were conducted, in the facilities of the 
Department of Plant Pathology and Crop Physiology; Louisiana State 
Agriculture Center, Louisiana State University; Baton Rouge, La. 
Cultural Practices. Seeds of the susceptible long-grain cultivar 
Labelle and the moderately resistant medium-grain cultivars Mars and 
Saturn were planted in 2 kg of steam sterilized Crowley silt loam soil 
in 23-cm plastic pots. Thirty seeds were planted in each pot and 1 
week after emergence plants were thinned to 20 plants/pot. Pots were 
placed in a bench lined with two layers of clear polyethylene plastic 
sheeting and flooded. The greenhouse temperature was maintained at 88 
F ( + 7°^ for the duration of the experiment. Nitrogen was applied in 
the form of ammonium sulfate 3 weeks after seeding. Treatments were 
0, 75, 150, 225, 300, and 375 kg N/ha. Potassium and phosphorus were 
applied as 0-20-20 P20^+K20, to provide 75 kgs/ha of P and K, 
respectively.
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Forty-five days after seeding, plants were inoculated by placing 
approximately five ml of a moistened 2:1 rice hull:rice grain medium 
(v/v), infested 20 days before with solani isolate LR-172, on the 
soil surface in each pot. A frame was erected over the bench 
containing the pots prior to inoculation of the plants. The frame was 
covered with one layer of clear polyethylene sheeting to create the 
hot and humid conditions necessary for sheath blight development.
A completely randomized design with three replications was 
employed in this experiment. A set of plants grown under the same 
conditions and not inoculated was utilized for EW extraction.
Data Collection. Disease assessments were made at 10, 20, 30 and A0 
days after inoculation. Leaf samples were collected from the 
penultimate and ultimate leaves of uninoculated check pots on the 
fourteenth day after inoculation for determining amounts of EW. 
Samples of leaf tissue bordering lesions were collected on the tenth 
day after inoculation and put into vials containing cold FAA solution. 
Observations were made and data recorded for disease rating, rate of 
spread, IC number, and EW concentration per unit of leaf tissue.
A standard analysis of variance procedure was employed to analyze 
the data. All significant main and interaction effects were separated 
and further analyzed. Pearsons Correlation analysis was calculated to 
show possible association between variables. Mean separation for all 
significant variables was determined (51,52,53).
RESULTS AND DISCUSSION
Studies have indicated that stand thickness is a significant 
component involved in influencing sheath blight development in rice
(17,24). Plant biomass, that is, the number of tillers/m of row, 
plant weight, and leaf area, was measured to determine whether canopy 
thickness significantly affected disease incidence. Heavy tillering 
cultivars provide conducive environmental conditions that may enhance 
disease development (55). Data for mean tiller number/m of row, plant 
weight, and leaf area are presented in Tables 1 through 5. Nitrogen 
and the interaction effects of nitrogen X cultivars had highly 
significant influences on these variables. Disease significantly 
reduced the number of tillers in inoculated plots (Table 1). In 1985 
Labelle had an average tiller loss of 18.3% compared to 2.4% and 10.2% 
for Mars and Saturn, respectively. Tiller number generally increased 
with increasing rates of nitrogen (Table 1 and 2). The percent 
reduction in tiller number due to disease did not reflect the 
influence of increased nitrogen rates (Table 1).
Mean separation for plant weight are presented in Tables 3 and 4. 
Increasing rates of nitrogen gave significant increases in plant 
weight, which were positively correlated with disease. The average 
reduction in plant weight due to sheath blight was 26.8, 4.0 and 7.3 % 
in 1985 and 26.9, 9.8 and 11.5 % in 1987 for Labelle, Mars, and
Saturn. Labelle showed significantly greater reductions in plant 
weight because of a greater incidence of sheath blight across nitrogen 
levels. Mean differences exhibited a significant reduction at both 
extremes of the nitrogen spectrum. This was more pronounced in
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Labelle. Fifteen out of eighteen or 85% of the comparisons in 1985 
and all of the inoculated plots in 1987 showed a decline in plant 
weight due to disease. Plant weight was probably reduced through the 
loss of water from necrotic tissues in diseased plants and by 
reduction in growth.
Leaf area measurements are presented in Table 5. The rapid method 
for estimating leaf area developed by Pearce et al. (42) was used in 
this study. Labelle, a less robust plant type was more responsive to
nitrogen increment than the cultivars Mars and Saturn. However, a
substantial increase in leaf blade area was realized for all cultivars 
and the correlation coefficient for disease rating and leaf area was 
positive and significant (r=0.30). A similar trend (r=0.56) was also 
observed for mean tiller number and disease rating.
Mean separation for plant height for both field and greenhouse 
evaluations are presented in Tables 6 through 9. Nitrogen, cultivar, 
and nitrogen X cultivar interaction showed highly significant 
differences in plant height. Year to year variation was evident for 
plant height. Disease did not significantly affect plant height in 
1985 or 1986 (Table 6 and 7). Increases in plant height with
increasing nitrogen rates were not significant at all levels of 
nitrogen. A comparison of mean plant height in 1987 showed
significant reductions in height due to disease (Table 8). Plant 
height, which might be regarded as a component of biomass has been 
suggested by some to influence disease development (27,28). Shorter 
cultivars were reported to have had more disease in a relatively 
shorter period of time compared to equally susceptible, taller 
cultivars grown under the same conditions. The correlation of plant
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height and disease, percentage was positive and significant ranging 
from (r=0.15) to (r=0.63) in these studies, indicating that plant 
height differences due to different nitrogen rates may have influenced 
the amount of disease. However, the higher nitrogen rates may have 
been the major influence, not plant height.
Mean separations for the effect of nitrogen on disease incidence, 
as measured by percent infected tillers, are presented in Tables 10 
through 13. The effect of nitrogen on percent infected tillers 
varied with years. Significant influences due to cultivar difference,
i.e., suceptibility reaction, were more pronounced. At 2, 4 and 6 
weeks after inoculation, Labelle, Mars, and Saturn averaged 10.5, 
21.3, 40.3; 5.6, 13.1, 26.1; and 7.5, 15.7, 32.1 infected
tillers/meter of row, respectively. The final assessment made at 
maturity did not show any significant difference due to nitrogen in 
1985. However, cultivar differences were evident with 65.3%, 37.8%, 
and 43.6% infected tillers for Labelle, Mars, and Saturn, respectively 
(Table 10). In subsequent years, when stand establishment was more 
representative of the ideal planting rate, nitrogen influence was more 
apparent. For evaluations made at the first joint, third joint, and 
heading stages of growth, the percentage of infected tillers ranged 
from 20.4% (N = 0 kg/ha) to 42.0% (N = 375 kg/ha); 58.4% (N = 0 kg/ha) 
to 74.3% (N = 375 kg/ha) and 76.9 (N = 0 kg/ha) to 94.7 (N = 375 
kg/ha) in 1986 (Table 11). The trend was similar in 1987 (Table 12), 
where the percentage of infected tillers rose from 24.8% (N = 0 kg/ha) 
to 75.6% (N = 300 kg/ha); 43.1% (N = 0 kg/ha) to 89.3% (N = 300 kg/ha) 
and 50.5% (N = 0 kg/ha) to 100% (N = 375 kg/ha) over the three 
evaluations. There were no significant cultivar differences in the
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greenhouse test, however, significant increases were shown for 
percentage infected tillers associated with nitrogen rate increases 
(Table 13). The close proximity of tillers within a pot creates a 
very different environment than would be encountered in the field.
The percentage of infected tillers rose from 85.0% (N = 0 kg/ha) to
100% (N = 375 kg/ha).
Disease Evaluations: Mean separations for disease rating are
presented in Tables 14 through 19. Cultivar X nitrogen interaction 
was only significant in 1987. Field and greenhouse evaluations were 
very similar. Nitrogen did not influence mean disease rating at 
maturity in 1985. Mean disease rating at maturity was 5.2, 3.8 and 
4.2 based on a 0 - 9 disease rating scale for Labelle, Mars, and 
Saturn, respectively. In the other years, final mean disease ratings 
were 7.2, 5.2, and 5.3 in 1986 and 7.8, 5.3, and 6.2 in 1987 for
Labelle, Mars, and Saturn, respectively (Table 15 and 16). Mean
disease rating at maturity in the greenhouse were 8.1, 5.8 and 5.8 for 
Labelle, Mars and Saturn, respectively (Table 17). Increases in 
nitrogen gave significant increases in the disease ratings. This was 
more apparent in early assessments. The correlation coefficient for 
field and greenhouse disease ratings was positive and significant. 
Ratings at maturity, when tissue has scenesced, can be misleading. 
This was circumvented by making 2 or 3 evaluations during the growing 
season. The increasing trend of disease as influenced by time and 
nitrogen and averaged over cultivers are shown in Tables 18 and 19.
Several reports indicate that a significant difference exists in 
the type of lesion and the pattern of spread as related to the level
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of sheath blight resistance. Lesions on resistant cultivars tend to 
be more restricted, slower spreading, and possess a comparatively 
broader purple brown band surrounding the lesions (10,12,29). This 
difference has usually been attributed to the internal or cellular 
level defense mechanisms related to the accumulation of phenols or 
their by-products (43,57). Lesion ratings in this study showed that 
spread pattern was influenced more significantly by cultivar 
differences than nitrogen rates. Lesions on Labelle spread more 
rapidly, were less restricted, and possessed relatively little 
browning at the margins of the lesions when compared to the lesions 
associated with the relatively more resistant Mars and Saturn (Tables 
20, 21 and 22). The effect of nitrogen was more apparent in 1986 and 
1987 (Table 21 and 22). Lesion expansion rate may not be an important 
distinguishing index especially at maturity. Numerous environmental 
factors may influence this attribute. This characteristic is best 
used in conjunction with other indices for rating resistance.
Lesion length was evaluated at 14 and 28 days after inoculation. 
Mean separations for lesion length are presented in Tables 23. 
Nitrogen, cultivar, and the interaction of cultivar and nitrogen 
significantly affected the size of lesions. Lesion size averaged 8.8, 
6.4 and 5.9 cm 14 days after inoculation and 31.5, 13.9 and 15.2 cm 28 
days after inoculation for Labelle, Mars, and Saturn, respectively. 
Lesions were measured on culms in a pre-selected square-foot area at 
two different times during the growing season. The percentage 
increase in lesion size over the sampling time was 72.1, 53.6 and
60.8% for Labelle, Mars and Saturn, respectively. Labelle lesion size 
was 27.0 and 32.7%; and 56.0 and 52.0% greater than the lesion sizes
of Mars and Saturn at 14 and 28 days after inoculation, respectively. 
A later evaluation beyond this time was not practical as the rapid 
rate of disease increase and the concommitant coalescing of lesions 
made lesion measurement difficult. Other indices for disease 
assessment were more practical at this time.
To achieve a true assessment of the amount of disease, as 
reflected by both horizontal and vertical spread, percentage tissue 
diseased was utilized as a measure of the total disease. Cultivar 
effect was highly significant in all years. Labelle invariably had a 
greater amount of disease and the rate of increase due to increments 
in nitrogen application was greater. However, the rate of increase 
varied over the years. The effects of nitrogen on percent diseased 
tissue as influenced by cultivars are presented in Tables 24 through
27. Percentage tissue diseased averaged 23.6, 47.2, and 72.2 for 
Labelle; 25.0, 27.8, and 41.7 for Mars; and 23.6, 30.6, and 51.4 for 
Saturn in the 1985, 1986, and 1987 tests, respectively. In 1986 and 
.1987, the impact of higher rates of nitrogen was pronounced. The 
percentage tissue diseased increased from 10 to 20%, 27 to 36.7%, and
46.7 to 67.8% as a result of increasing nitrogen rates from 0 - 375 
Kg/ha at the three sampling dates used in 1986. A similar trend was 
also observed for 1987.
Height of disease measured relative to the height of the plant at 
different levels of nitrogen was one method used to standardize 
disease measurement across cultivars with inherently different heights 
(Table 28). Labelle at virtually all levels of nitrogen had 
significantly more disease than Mars or Saturn. The increment in 
disease due to nitrogen was also more pronounced in Labelle. Increases
57
in nitrogen fertilization resulted in average disease percent of 37.7% 
(N = 0 Kg/ha) to 75% (N = 300 Kg/ha) in Labelle, whereas, in Mars 
nitrogen increased disease from 22.7% (N = 0 Kg/ha) to 62.7% (N = 375 
Kg/ha) and and with Saturn 25.0% (N = 0 Kg/ha) to 55.3% (N = 375 
Kg/ha). The relative amount of disease was greater for Labelle but 
the percent increase in disease was not different from Mars or Saturn.
R. solani produces several infection structures associated with 
pre-penetration and penetration activities on a number of different 
hosts (1,5,6,7,30,33). These range from simple to highly organized 
mycelial and hyphal arrangements described as lobate appresoria and 
infection cushions. The number of IC's produced has been reported to 
be dependent on cultivar susceptibility level (30). In rice, cultivar 
susceptibility was also found to be associated with reduced surface 
wax on leaves when compared to resistant cultivars grown under similar 
cultural conditions (19,30,31). In this study, the average number of 
ICs counted was significantly influenced by cultivar differences and 
to a limited extent by nitrogen.
Mean separation for IC number (Tables 29 through 33), show that 
Labelle averaged approximately two times as many IC as Mars or Saturn. 
Slight year to year variation was evident. A summary of averages over 
the years under both greenhouse and field conditions is presented in 
Table 33. There was a large amount of variation in the counts from 
sample to sample. The IC number was usually highest in the middle two 
nitrogen rates.
The quantity of surface wax produced by rice cultivars has been 
reported to interfere with the prepenetration activities of IL_ solani 
(32). Electron microscopic and gravimetric evaluations have shown
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that resistant cultivars of rice possess significantly more wax than 
susceptible cultivars grown under the same conditions (32,35). 
Removal of the accumulated wax prior to inoculation has given an 
increase in disease in rice cultivars considered resistant to sheath 
blight (32). The number of ICs produced on resistant cultivars 
possessing higher amounts of wax was found to be significantly lower 
than numbers produced on susceptible cultivars with low to negligible 
wax producing ability. Under both field (Table 34) and greenhouse 
conditions (Table 35), increasing the level of nitrogen resulted in a 
decline in the quantity of EW for all cultivars. The relative amounts 
of wax produced and the rate of decline varied with cultivars (Table 
34). The average quantity of EW extracted at mid-boot was greater 
than the quantity extracted at the heading growth stage for all 
cultivars and nitrogen rates.
The ultimate objective for implementing disease control measures 
is to increase production and improve quality by controlling pathogens 
and suppressing their activities. Mean separation for cultivar yields 
as influenced by nitrogen and disease, are presented in Tables 36, 37 
and 38. Yield in Kg/ha, in all 3 years was significantly influenced 
by nitrogen, disease, cultivar and the interaction of cultivar X 
nitrogen. Cultivars held similar rank over the years. In all 
comparisons across nitrogen levels, yields were reduced in the 
inoculated plots. Yield differences due to the incidence of sheath 
blight in Labelle ranged from 475.0 kg/ha (21.3 percent) at N rate of 
150 kg/ha to 1006.5 kg/ha (33.4 percent) at N rate of 300 kg/ha in 
1985. The differences in Mars and Saturn, the more resistant 
cultivars were not as great. Averaged over the 3 years, yield loss
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was 23.3, 9.8, and 11.5 % for Labelle, Mars and Saturn, respectively. 
The average yield reduction across nitrogen levels was significantly 
higher in Labelle. Year to year variation was evident (Table 39). 
Stand differences associated with the use of different planting 
equipment may have increased the variation.
Yield reduction by the sheath blight disease has been reported by 
some researchers to manifest itself by decreasing milling quality and 
by increases in the number of unfilled panicles. Counts made at 
maturity indicated that nitrogen, cultivar, and the interaction of 
nitrogen and cultivar significantly influenced the number of empty 
panicles. Labelle, Mars, and Saturn averaged counts of 55.6%, 34.9% 
and 49.8% more sterile panicles in inoculated plots (Table 40). 
Correlation Analyses
Pearsons correlation analyses comparing disease assessment data, 
nitrogen rate, and IC numbers were run for the whole experiment and 
for cultivars for both field and greenhouse evaluations. Results from 
these analyses are presented in Tables 41 through 44. Correlation 
coefficients for EW amount and nitrogen rate, which were highly 
significant and negative in all cases, ranged from r = -0.49 to r = 
-0.52. Correlation coefficients for EW amount by disease assessment 
values ranged from r = -0.52 to r = -0.78, whereas, that of infection 
cushion numbers by amount of EW ranged from r = -0.57 to r = -0.71. 
Correlation coefficients for disease assessment values by infection 
cushion number were significant and ranged from r = 0.44 to r = 0.71. 
These values were all significant at the p=0.01 level. These 
relationships indicate that waxlessness is associated with increased 
disease development and that waxiness is associated with reduced
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infection cushion formation. This phenomenon has previously been 
suggested for the interaction of R solani with rice and beans (32,54).
Numerous authorities world wide have attributed the sudden 
increase in economic importance of sheath blight in rice production to 
the increase in nitrogen requirement necessary for modern rice 
cultivars to obtain their yield potential. The results presented in 
this study suggest that nitrogen fertilization influences the ultimate 
amount of disease by virtue of significant increases in plant biomass 
or canopy production with increases in nitrogen rates. However, the 
relative amount of disease and rate of disease increase was cultivar 
dependent.
Leaf area, tillering, plant weight, and plant height were all 
significantly affected by nitrogen increases. Utilization of disease 
parameters such as percent infected tillers did not separate the 
effects of nitrogen or cultivars very well, especially when 
assessments were made very close to harvest. Other methods, such as 
relative height of disease, lesion size, percent diseased tissue, 
lesion rating and disease rating were utilized to separate nitrogen 
and cultivar effects. At extremely high levels of nitrogen, the 
amount of disease in the moderately resistant cultivars Mars and 
Saturn approached the levels in the susceptible cultivar Labelle.
The number of ICs formed on test cultivars appeared to be an 
important factor in disease development. IC number on the susceptible 
cultivar Labelle was at least two times as numerous as those on the 
moderately resistant cultivars Mars and Saturn. The average number of 
infection cushions increased with increase in nitrogen up to 225 Kg 
N/ha and then declined.
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It is known that the source of nitrogen affects the growth and 
development of R solani in vitro (57). However nitrogen source was 
not as important as rate in studies conducted at the International 
Rice Research Institute. Suitable nitrogen sources in jui vitro 
studies were most often related to the P of the media (45). This is 
probably not a major factor in field reaction of rice to R. solani.
The decrease in EW with increases in nitrogen probably accounts for 
much of the disease increase with increasing levels of nitrogen.
In the future, several areas of work in the area of rice nutrition 
and sheath blight development need to be considered. These include 
determination of the fungistatic/fungicidal properties if any of EW, 
determination of EW chemical constituents in different cultivars, 
determination of the effects of P and K, and their relationship to 
nitrogen rate and source, on EW and sheath blight development, and 
determination of the effect of planting rate and spacing as well as 
alternate water and fertilizer management on EW and disease 
development.
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Table 1. Mean tiller number per meter of row for the cultivars
Labelle, Mars, and Saturn as influenced by nitrogen rate 
and sheath blight.disease. Rice Research Station, 
Crowley, LA 1985.
N (kg/ha) Inoculated Uninoculated
2
% Change
Labelle
0 38.3 e 55.3 bede - 30.9
75 64.0 abed 80.3 a - 20.3
150 41.3 de 47.7 cde - 13.4
225 56.0 abede 54.0 bede 3.7
300 53.0 bed 73.7 ab - 28.1
375 58.0 abede 70.3 abc - 16.5
Mean 51.9 63.6 - 18.3
LSD (0.05) 22.0
Mars
0 59.7 ab 51.0 ab 17.1
75 59.0 ab 62.7 ab - 5.9
150 47.0 b 52.0 ab - 9.6 .
225 53.7 ab 63.7 ab - 15.7
300 70.7 a 67.0 ab 5.5
375 53.7 ab 56.0 ab - 4.1
Mean 57.3 58.7 - 2.4
LSD (0.05) 20.5
Saturn
0 49.7 de 57.0 bede - 12.8
75 45.0 e 54.0 cde - 17.7
150 65.0 abc 70.0 ab - 7.1
225 63.0 abed 65.0 abc - 3.0
300 57.7 bede 62.0 abed - 6.9
375 65.3 abc 77.0 a - 15.2
Mean 57.6 64.2 - 10.2
LSD (0.05) 13.5
Means followed by the same letter were not significantly different 
at the p = 0.05 level.
% change = (inoculated minus uninoculated/uninoculated) X 100
Table 2. Mean tiller number per meter of row for the cultivars
Labelle, Mars, and Saturn as influenced by nitrogen rates.
Rice Research Station, Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
0 46.3 gh 35.0 cdef 49.0 fgh 43.10
75 77.7 abc 55.3 efg 58.7 defg 63.23
150 63.7 b 63.7 cdef 70.3 bede 65.90
225 74.3 abed 67.7 cde 66.0 cdef 69.33
300 86.7 ab 77.7 abc 90.3 a 84.90
375 87.0 a 75.7 abed 74.3 abed 79.00
Mean 72.62 62.52 68.10
LSD (0.05) 15.1
* Means followed by the same letter were not significantly different
at the p = 0.05 level.
Table 3. Mean plant green weight (gm) for the cultivars Labelle, Mars
and Saturn as influenced by nitrogen rate and sheath blight
disease. Rice Research Station, Crowley, LA 1985.
N (kg/ha) Inoculated Uninoculated % Change^
Labelle
0 78.0 d 139.6 be - 44.1
75 141.8 bed 248.3 a - 42.9
150 106.4 cd 128.9 bed - 17.5
225 161.9 bed 164.3 be - 1.5
300 140.6 bed 191.9 ab - 26.7
375 162.0 bed 206.8 ab - 21.6
Mean 131.8 180.0 - 26.8
LSD (0.05) 75.1
Mars
0 220.9 a 217.5 a 1.6
75 241.4 a 276.6 a - 12.7
150 200.9 a 217.5 a - 7.7
225 249.4 a 287.3 a - 13.2
300 322.4 a 287.1 a 12.2
375 244.7 a 253.1 a - 3.7
Mean 246.5 256.7 - 4.0
LSD (0.05) 108.1
Saturn
0 185.8 abc 165.5 be 12.2
75 138.3 c 163.1 be - 15.2
150 251.8 ab 273.1 a - 7.9
225 275.4 a 281.3 a - 2.1
300 218.7 abc 253.0 ab - 13.6
375 248.3 ab 287.2 a - 13.5
Mean 219.7 237.2 - 7.3
LSD (0.05) = 90.8
 ^Means followed by the same letter were not significantly different 
at the p = 0.05 level.
2 % change = (inoculated minus uninoculated / uninoculated) X 100
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Table 4. Mean plant green weight (gm) for the cultivars Labelle, Mars,
and Saturn as influenced by nitrogen rate and sheath blight
disease. Rice Research Station, Crowley, LA 1987.
N (Kg/ha) Inoculated Uninoculated
2
% Change
Labelle
0 87.6 r 156.6 pq - 44.4
75 143.2 q 216.2 k - 33.8
150 151.6 pq 181.1 o - 16.3
225 159.2 p 195.3 mn - 18.5
300 149.8 pq 202.3 lm - 26.0
375 153.3 pq 204.4 lm - 24.9
Mean 140.78 192.65 - 26.9
Mars
0 213.9 kl 238.2 j - 10.2
75 255.0 gh 288.6 c - 11.6
150 240.0 ij 277.8 cde - 13.6
225 277.3 de 309.3 ab - 10.3
300 303.1 b 319.8 a - 5.2
375 277.4 de 303.7 b - 8.7
Mean 261.11 289.57 - 9.8
Saturn
0 155.8 o 185.2 no - 15.9
75 234.5 j 267.7 efg - 12.4
150 258.9 efg 284.3 cd - 8.9
225 260.5 efg 288.3 c - 9.8
300 239.6 ij 271.4 def - 11.7
375 249.6 hi 284.2 cd - 12.2
Mean 233.15 263.52 - 11.5
LSD (0.05) 12.8
* Means followed by the same letter were not significantly different 
at the p = 0.05 level.
o
% change = (inoculated minus uninoculated / uninoculated) X 100
2
Table 5. Mean leaf area (cm ) for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate. Rice Research
Station, Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
0 31.3 j 45.6 ghi 39.9 ij 38.93
75 33.4 j 50.8 fgh 43.2 hi 42.45
150 38.5 ij 58.4 def 53.0 fg 49.95
225 45.4 ghi 56.0 ef 63.4 cde 54.93
300 66.7 cd 70.3 be 84.5 a 73.81
375 64.4 cde 77.4 ab 80.6 a 74.15
Mean 46.59 59.74 60.79
LSD (0.05) 8.4
 ^Means followed by the same letter were not significantly different
at the p = 0.05 level.
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Table 6. Mean plant height (cm) for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate and sheath bright
disease. Rice Research Station, Crowley, LA 1985.
2
N (kg/ha) Inoculated Uninoculated % Change
Labelle
0 97.0 ef 100.7 def - 3.6
75 106.7 bed 107.0 bed 0.2
150 95.7 f 102.3 bede - 6.5
225 108.0 b 107.3 be 0.7
300 102.0 bede 101.3 cdef 0.7
375 115.0 a 117.0 a - 1.7
Mean 104.1 105.9 - 1.7
LSD (0.05) 5.8
Mars
0 105.0 bed 98.3 def 6.8
75 106.3 abc 104.3 bed 1.9
150 93.0 f 93.7 f - 0.7
225 101.7 cde 101.0 cde 0.7
300 110.3 ab 112.3 a - 1.8
375 96.3 ef 96.3 ef 0.0
Mean 102.1 101.0 1.1
LSD (0.05) 6.6
Saturn
0 100.0 de 100.0 de 0.0
75 92.7 f 94.0 ef - 1.4
150 114.0 ab 111.3 be 2.4
225 111.7 be 110.7 be 0.9
300 105.7 cd 104.0 d 1.6
375 115.3 ab 118.3 a - 2.5
Mean 106.7 106.4 0.3
LSD (0.05) 5.7
Means followed by the same letter were not significantly different
2  at the p = 0.05 level.
% change = (inoculated minus uninoculated / uninoculated) X 100
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Table 7. Mean plant height (cm) for the cultivers Labelle, Mars, and
Saturn as influenced by nitrogen rate and sheath bright
disease. Rice Research Station, Crowley, LA 1986.
N (kg/ha) Inoculated Uninoculated
2
% Change
Labelle
0 90.0 d 90.0 d 0.0
75 99.0 cd 97.0 cd 2.1
150 109.3 abc 104.3 be 4.8
225 112.3 ab 106.7 be 5.2
300 115.7 ab 116.7 ab - 0.8
375 114.3 ab 121.3 a - 5.8
Mean 106.8 106.0 0.8
LSD (0.05) 11.8
Mars
0 96.3 e 97.0 de - 0.7
75 102.0 bede 100.3 cde 1.7
150 107.0 abede 109.3 abed - 2.1
225 112.3 abc 118.3 a - 5.1
300 114.3 ab 110.0 abc 3.9
375 116.7 a 109.3 abed 6.7
Mean 108.1 107.3 0.7
LSD (0.05) 11.4
Saturn
0 102.0 c 96.3 c 5.9
75 107.3 be 113.7 ab - 5.6
150 118.7 ab 118.0 ab 0.6
225 123.3 a 119.7 a 3.0
300 122.7 a 117.7 ab 4.2
375 115.3 ab 122.7 a - 6.0
Mean 114.9 114.7 0.2
LSD (0.05) 10.8
Means followed by the same letter were not significantly different
2  at the p = 0.05 level.
% change = (inoculated minus uninoculated / uninoculated) X 100
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Table 8. Mean plant height (cm) for the cultivars Labelle, Mars and
Saturn as influenced by nitrogen rate and sheath blight^
disease. Rice Research Station at Crowley, LA in 1987.
N (kg/ha) Inoculated Uninoculated
2
% Change
Labelle
0 90.0 g 92.7 fg - 2.9
75 96.0 f 105.0 e - 8.6
150 104.0 e 112.3 d - 7.4
225 116.1 cd 120.7 c - 3.8
300 121.0 c 127.0 b - 4.7
375 125.7 b 132.7 a - 5.2
Mean 108.8 115.1 - 5.5
LSD (0.05) 4.8
Mars
0 93.3 h 98.3 g - 5.1
75 98.7 fg 101.7 f - 2.9
150 108.0 e 111.7 d - 3.3
225 114.7 cd 117.3 be - 2.2
300 114.1 cd 119.3 ab - 4.3
375 116.7 be 120.7 a - 3.3
Mean 107.7 111.5 - 3.4
LSD (0.05) 3.0
Saturn
0 99.0 i 103.0 h - 3.9
75 107.0 g 111.0 f - 3.6
150 117.3 e 122.7 d - 4.4
225 122.7 d 132.0 a - 7.0
300 124.7 cd 129.3 ab - 3.6
375 125.0 cd 127.5 be - 2.0
Mean 116.0 120.9 - 4.1
LSD (0.05) 3.6
Means followed by the same letter were not significantly different
2  at the p = 0.05 level.
% change = (inoculated minus uninoculated / uninoculated) X 100
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Table 9. Mean plant height (cm) for the cultivars Labelle, Mars and
Saturn as influenced by.nitrogen rate. Greenhouse test.
Baton Rouge, LA. 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
0 70.0 g 77.7 f 89.3 de 79.00
75 88.0 de 81.7 ef 113.3 a 94.30
150 88.3 de 101.7 b 114.7 a 101.60
225 87.7 de 98.7 be 115.0 a 100.40
300 78.0 f 91.7 cd 101.7 b 90.40
375 85.0 def 89.0 de 90.0 de 88.0
Mean 82.8 90.1 104.0
LSD (0.05) 7.5
* Means followed by the same letter were not significantly different
at the p = 0.05 level.
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Table 10. Mean number of tillers infected per meter of row for the 
cultivars Labelle, Mars, and Saturn as influenced by  ^
nitrogen rate. Rice Research Station, Crowley, LA 1985.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
First joint stage
0 7.7 bed 10.0 abed 4.0 d 7.2
75 15.3 a 5.7 bed 5.0 cd 8.7
150 12.7 ab 3.7 d 11.4 abc 9.2
225 9.0 abed 3.7 d 6.7 bed 6.5
300 8.3 abed 6.7 bed 9.0 abed 8.0
375 10.0 abed 4.0 d 7.3 bed 7.0
Mean 10.5 5.6 7.3
LSD (0.05) 6.1
Third
0
ioint stage
14.7 cdefg 16.0 cdefg 12.0 efg 14.2
75 24.7 ab 12.0 efg 11.7 efg 16.1
150 22.0 be 14.3 cdefg 19.3 bede 18.6
225 16.3 cdefg 10.7 fg 17.3 bedef 14.8
300 20.3 bed 8.7 g 14.0 cdefg 14.3
375 29.7 a 13.3 defg 19.7 bede 15.7
Mean
LSD (0.05)
21.3
7.0
12.5 15.7
Heading Stage 
0 28.7 defg 31.0 defg 34.7 cdef 31.4
75 46.0 ab 26.0 fg 30.7 defg 34.2
150 44.0 abc 24.0 g 29.3 defg 32.4
225 35.3 cdef 29.3 defg 36.3 cde 33.7
300 49.3 a 25.3 fg 34.7 cdef 36.4
375 38.7 bed 21.0 g 28.3 efg 29.3
Mean 40.3 26.1 32.3
LSD (0.05) 8.7
Table 10. (continued)
N/(kg/ha)
Cultivar
MeanLabelle Mars Saturn
Mature rice2
0 77.2 a 44.0 def 54.8 bede 58.8
75 69.2 ab 32.0 f 30.8 f 43.6
150 65.2 abc 33.2 f 48.0 cdef 48.8
225 53.2 bede 32.0 f 40.0 def 41.6
300 57.2 bed 49.2 cdef 46.8 cdef 51.2
375 69.2 ab 36.0 ef 41.2 def 49.2
Mean 65.2 37.6 43.6
LSD (0.05) 16.8
 ^Means followed by the same letter were not significantly different 
at the p = 0.05 level.
2
The evaluation made at maturity was recorded as percentage infected 
tillers averaged from four groups of 25 tillers counted per 
replication where as the three earlier evaluations were recorded as 
average percentage tillers infected per meter of row.
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Table 11. Mean percentage (%) of tillers infected for the cultivars
Labelle, Mars, and Saturn as influenced nitrogen rate.
Rice Research Station, Crowley, LA 1986.
Cultivar
N (Kg/ha) Labelle Mars Saturn Mean
Third joint stage
0 28.0 cdefg 12.0
75 16.0 fg 16.0
150 29.2 cdef 20.0
225 40.0 bed 21.2
300 57.2 a 24.0
375 52.0 ab 36.0
Mean 37.1 21.5
LSD (0.05) 14.0
Heading stage
0 56.0 d 57.2
75 61.2 bed 61.2
150 60.0 cd 58.8
225 78.8 ab 61.2
300 85.2 a 78.8
375 84.0 a 62.8
Mean 70.8 60.3
LSD (0.05) 15.2
Mature rice
0 73.2 d 82.8
75 84.0 abed 84.0
150 100.0 a 82.8
225 93.2 abc 80.0
300 97.2 ab 78.8
375 100.0 a 84.0
Mean 91.3 82.1
LSD (0.05) 16.4
g 21.2 efg 20.40
fg 36.0 cde 22.67
efg 28.0 cdefg 25.73
efg 20.0 efg 26.70
defg 41.2 be 40.80
cde 38.8 bed 42.00
30.9
d 56.0 d 58.40
bed 53.2 d 58.53
cd 53.2 d 57.33
bed 61.2 bed 67.07
ab 57.2 d 73.73
bed 76.0 abc 74.27
59.5
abed 74.8 cd 76.93
abed 74.8 cd 80.93
abed 77.2 cd 86.68
bed 78.8 bed 84.00
bed 93.2 abc 89.73
abed 100.0 a 94.68
83.1
* Means followed by the same letter were not significantly different
at p = 0.05 level.
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Table 12. Mean percentage (%) of tillers infected for cultivars
Labelle, Mars and Saturn as influenced b^ nitrogen rate. 
Rice Research Station, Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Third joint stage
0 29.2 efg 20.0 g 25.2 fg 24.8
75 56.0 cde 20.0 g 38.8 defg 38.3
150 78.8 abc 34.8 efg 46.8 defg 53.5
225 68.0 abed 34.8 efg 34.8 efg 45.9
300 81.1 abc 58.8 bede 86.8 ab 75.6
375 92.0 a 68.0 abed 52.0 cdef 70.7
Mean 67.5 39.4 47.4
Lsd (0.05) 26.0
Heading stage
0 61.2 cde 28.0 f 40.0 ef 43.1
75 80.0 abc 51.0 def 69.2 bede 66.7
150 100.0 a 64.0 bede 68.0 bede 77.3
225 81.2 abc 35.2 cdef 69.2 bede 61.9
300 100.0 a 76.0 abed 92.0 ab 89.3
375 100.0 a 66.8 bede 66.8 bede 77.9
Mean 87.1 53.5 67.5
LSD (0.05) 25.6
Mature rice
0 62.8 ef 38.8 g 50.8 fg 50.5
75 100.0 a 54.8 fg 78.8 bed 77.9
150 100.0 a 66.8 def 77.2 bed 81.3
225 86.8 abc 66.8 def 90.8 ab 81.4
300 100.0 a 72.0 cde 100.0 a 90.7
375 100.0 a 100.0 a 100.0 a 100.0
Mean 91.6 66.5 82.9
LSD (0.05) 20.0
* Means followed by the same letter were not significantly different
at the p = 0.05 level.
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Table 13. Mean Percentage (%) of tillers infected for the cultivars 
Labelle, Mars, and Saturn as influence^ by nitrogen rate. 
Greenhouse test. Baton Rouge, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
0 74.6 c 91.0 ab 89.4 ab 85.0
75 79.0 be 86.7 abc 93.0 a 86.2
150 90.1 ab 89.0 ab 96.2 a 91.8
225 100 0 a 97.7 a 100.0 a 99.2
300 92.3 a 100.0 a 100.0 a 97.4
375 100.0 a 100.0 a 100.0 a 100.0
Mean 89.1 94.1 96.4
Lsd (0.05) = 11.7
* Means followed by the same letter were not significantly different
at the p = 0.05 level.
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Table 1A. Mean disease rating at maturity for the cultivars Labelle,
Mars and Saturn as influenced by ni^r^gen rate. Rice
Research Station, Crowley, LA 1985.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
0 6.3 ab A.3 cde 3.7 de A.78
75 7.0 a 3.7 de 3.0 e A.56
150 6.3 ab 3.0 e 5.0 bed A.78
225 5.7 abc 3.7 de A.3 cde A.56
300 5.7 abc A.3 cde A.3 cde A.78
375 6.3 ab 3.0 e 5.0 bed A.78
Mean 5.2 3.8 A.2
LSD (0.05) 1.6
* Disease rating based on a scale of 0 to 9 where 0 equal to no 
disease (resistant) and 9 equal to maximum disease (susceptible)
Means followed by the same letter were not significantly different 
at p = 0.05 using the Least Significant Difference comparison.
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Table 15. Mean disease rating for the cultivars Labelle, Mars and
Saturn as influenced by nitrogen rate. Rice Research
Station, Crowley, LA 1986.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Third joint stage
0 2.0 cd 2.7 bed 2.0 d 2.23
75 3.0 abc 2 .7 bed 2.7 bed 2.80
150 2.3 cd 3.0 abc 2.0 d 2.43
225 3.0 b 3.0 abc 2.3 cd 2.77
300 3.7 a 3.0 abc 2.3 cd 3.00
375 3.3 ab 2.7 bed 3.0 abc 3.00
Mean 2.88 2.85 2.38
LSD (0.05) 0.79
Heading stage
0 4.0 cd 3.0 de 3.0 de 3.33
75 3.7 cd 3.0 de 3.0 de 3.23
150 4.3 c 3.7 cd 2.3 e 3.43
225 4.3 c 4.0 cd 4.7 be 4.33
300 6.3 a 3.7 cd 3.7 cd 4.57
375 6.3 a 4.7 be 5.7 ab 5.57
Mean 4.82 3.68 3.73
LSD (0.05) 1.1
Mature rice
0
75
150
225
300
375
6.0 bed
6.0 bed
6.3 be
7.0 b
9.0 a
9.0 a
4.0 f
5.0 def
4.7 ef
5.0 def
6.0 bed
6.3 be
5.0 def
4.0 f
4.3 f
5.7 cde
6.3 be
6.3 be
5.00
5.00
5.10 
5.90
7.10 
7.20
Mean 7.17
LSD (0.05) 1.1
i
5.17 5.27
Disease rating based on 0 to 9 scale where 0 equal to no disease 
(resistant) and 9 equal to maximum disease (susceptible)
Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significant Difference comparison.
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Table 16. Mean disease rating for the cultivars Labelle, Mars and
Saturn as influenced by nitrogen rate. Rice Research
Station, Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Heading stage
0 6.0 cde 4.3 gh 4.3 gh 4.87
75 7.0 be 4.7 fgh 4.7 fgh 5.47
150 8.7 a 3.7 hi 5.7 def 6.03
225 7.0 be 5.0 efg 6.0 cde 6.00
300 8.0 ab 5.0 efg 7.0 be 6.67
375 8.7 a 6.7 cd 5.3 efg 6.90
Mean 7.57 4.90 5.50
LSD (0.05) 1.1
Mature rice 
0 5.3 ef 3.0 h 4.0 g 4.10
75 7.3 c 4.0 g 5.3 ef 5.53
150 8.7 ab 5.0 f 6.3 d 6.33
225 7.3 c 5.7 def 7.7 c 6.90
300 9.0 a 6.3 d 8.0 be 7.77
375 9.0 a 7.7 c 6.0 de 7.57
Mean 7.77 5.28 6.21
LSD (0.05) 0.7
 ^Disease rating based on 0 to 9 scale where 0 equal to no disease 
(resistant) and 9 equal to maximum disease (susceptible)
2
Means followed by the same letter were not significantly different 
at p = 0.05 using the Least Significant Difference comparison.
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Table 17. Mean disease rating for the cultivars Labelle, Mars, and 
Saturn as influenced by»nitrogen rate. Greenhouse test. 
Baton Rouge, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
First ioint stage 
0 1.7 cd 1.3 cd 1.7 cd 1.6
75 2.3 be 1.0 d 1.0 d 1.4
150 3.3 ab 2.0 cd 1.0 d 2.1
225 4.3 a 2.0 cd 1.3 cd 2.6
300 3.3 ab 2.0 cd 2.0 cd 2.4
375 3.7 a 2.0 cd 1.7 cd 2.4
Mean 3.1 
LSD (0.05) .97
1.7 1.4
Third ioint stage 
0 4.0 cd 2.0 f 2.7 ef 2.9
75 4.3 bed 2.7 ef 3.0 ef 3.3
150 5.3 ab 2.7 ef 2.7 ef 3.6
225 6.3 a 3.3 de 3.3 de 4.3
300 5.3 ab 3.7 de 3.7 de 4.2
375 5.0 be 5.3 ab 3.3 de 4.7
Mean 5.1 
LSD (0.05) 1.1
3.3 3.1
Heading stage 
0 5.0 def 2.7 h 3.7 fgh 3.7
75 6.0 cd 3.3 gh 3.7 fgh 4.3
150 7.3 be 3.7 fgh 4.0 efgh 5.0
225 8.7 a 5.3 de 5.0 def 6.3
300 7.0 be 6.0 cd 4.3 efg 5.8
375 7.7 ab 7.0 be 5.3 de 6.7
Mean
LSD (0.05) 1.2
6.9 4.7 4.3
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Table 17. continued
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Mature rice
0 5.7 cde 3.7 g 4.7 efg 4.7
75 7.0 b 4.3 fg 5.7 cde 5.7
150 9.0 a 5.0 ef 5.3 def 6.4
225 9.0 a 6.7 be 6.3 bed 7.3
300 9.0 a 7.0 b 6.3 bed 7.4
375 9.0 a 8.3 a 6.7 be 8.0
Mean 8.1 5.8 5.8
LSD (0.05) 1.1
1 Disease rating based on 0 to 9 scale where 0 equal to no disease 
(resistant) and 9 equal to maximum disease (susceptible).
2
Means followed by the same letter were not significantly different 
at p = 0.05 using the Least Significant Difference comparison, 
and 9 equal to maximum disease.
Table 18. Mean disease rating of cultivars X time averaged over
nitrogen. Greenhouse. Baton Rouge, LA. 1987.
Cultivar
MeanDAI1 Labelle Mars Saturn
10 3.1 1.7 1.4 2.07
20 5.1 3.3 3.1 3.83
30 6.9 4.7 4.3 5.30
40 8.1 5.8 5.8 6.57
Mean 5.80 3.88 3.65
1 Days after inoculation: plants were inoculated 45 days after 
planting.
Table 19. Mean disease rating for days after inoculation X nitrogen
averaged over cultivars (Labelle, Mars, and Saturn).
Greenhouse. Baton Rouge, LA. 1987.
N (kg/ha) 10
DAYS AFTER 
20
INOCULATION
30 40 Mean
0 1.6 2.9 3.7 4.7 3.23
75 1.4 3.3 4.3 5.7 3.68
150 2.1 3.6 5.0 6.4 4.28
225 2.6 4.3 6.3 7.3 5.13
300 2.4 4.2 5.8 7.4 4.95
375 2.4 4.7 6.7 8.0 5.45
Mean 2.08 3.83 5.30 6.58
Table 20. Mean lesion rating for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate. Rice Research
Station, Crowley, LA 1985.
N (kg/ha)
Cultivar
MeanLabelle Mars Saturn
Third ioint stage
0 1.7 abc 1.3 abc l.Obc 1.33
75 2.7 a 1.0 be 1.0 be 1.57
150 2.3 ab 1.0 be 1.3 abc 1.53
225 2.3 ab 1.0 be 1.7 abc 1.67
300 1.7 abc 1.0 be 2.3 ab 1.67
375 2.7 a 1.0 be 1.7 abc 1.80
Mean 2.23 1.05 1.50
LSD (0.05) 1.3
Heading
0 2.7 ab 2.0 abc 1.7 abc 2.13
75 3.0 a 2.0 abc 1.7 abc 2.23
150 2.7 ab 1.0 c 2.7 ab 2.13
225 2.7 ab 2.0 abc 2.3 abc 2.33
300 2.7 ab 1.7 abc 1.7 abc 2.03
375 3.0 a 1.3 be 1.3 be 1.87
Mean 2.80 1.67 1.90
LSD (0.05) .84
Mature rice
0 3.0 a 2.3 abc 2.7 ab 2.67
75 3.0 a 2.3 abc 2.0 abc 2.43
150 3.0 a 1.3 c 2.7 ab 2.33
225 2.7 ab 2.0 abc 3.0 a 2.57
300 3.0 a 1.3 c 2.3 abc 2.20
375 3.0 a 1.7 be 1.3 c 2.00
Mean 2.95 1.83 2.33
LSD (0.05) 
1 ~ — ---- :—
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lesions with wide reddish-brown margins and 5 equal to fast 
spreading broad areas with relatively little browning at lesion 
margins.
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Table 21. Mean lesion rating for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate. Rice Research
Station, Crowley, LA 1986.
Cultivars
N (kg/ha) Labelle Mars Saturn Mean
Third joint stage
0 1.0 b 1.0 b 1.0 b 1.00
75 1.3 ab 1.0 b 1.0 b 1.10
150 1.7 ab 1.3 ab 1.3 ab 1.43
225 1.7 ab 1.7 ab 1.3 ab 1.57
300 2.3 a 1.0 a 1.7 ab 1.73
375 2.3 a 1.3 ab 1.7 ab 1.77
Mean 1.7 1.2 1.3
LSD (0.05) 0.9
Heading
0 2.7 cdef 1.3 g 1.3 g 1.77
75 3.7 abc 2.3 defg 1.7 fg 2.57
150 3.3 bed 2.0 efg 2.0 efg 2.43
225 4.0 ab 2.0 efg 2.7 cdef 2.90
300 4.7 a 2.0 efg 2.7 cdef 3.13
375 4.7 a 2.7 cdef 3.0 bede 3.47
Mean 3.9 2.1 2.2
LSD (0.05) 1.0
Mature rice
0 3.7 bed 3.7 bed 3.0 d 3.47
75 5.0 a 4.3 abc 3.3 cd 4.53
150 5.0 a 3.7 bed 3.3 cd 4.00
225 5.0 a 4.0 abed 4.7 ab 4.57
300 5.0 a 3.7 bed 4.3 abc 4.33
375 5.0 a 3.7 bed 4.3 abc 4.33
Mean 4.8 3.9 3.8
LSD (0.05) 1.1
 ^Rating based on 1 to 5 scale where 1 equal to restricted lesions 
with wide reddish-brown margins and 5 equal to broad rapidly 
spreading areas with relatively little browning at lesion margins.
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Table 22. Mean lesion rating for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate. Greenhouse test.
Baton Rouge, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
First ioint stage
0 1.0 1.0 1.3 1.1
75 1.0 1.0 1.0 1.0
150 2.3 1.7 1.0 1.7
225 2.0 2.0 1.7 1.9
300 2.7 1.0 1.7 1.8
375 3.0 2.0 2.0 2.3
Mean
LSD (0.05) .56
2.0 1.4 1.4
Third ioint stage 
0 2.0 2.3 2.0 2.1
75 3.0 2.3 2.0 2.4
150 3.3 2.0 2.0 2.4
225 4.3 3.3 3.0 3.6
300 4.3 2.3 3.0 3.2
375 4.7 3.0 3.3 3.7
Mean
LSD (0.05) .64
3.6 2.6 2.6
Heading
0 3.3 2.7 2.7 2.9
75 4.7 3.3 3.0 3.7
150 5.0 3.0 3.0 3.7
225 5.0 4.3 3.3 4.2
300 5.0 4.0 4.3 4.4
375 5.0 3.7 4.0 4.2
Mean 4.7 3.5 3.4
LSD (0.05) .78
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Table 22. continued.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Mature rice
0 5.0 4.3 4.3 4.6
75 5.0 4.3 5.0 4.7
150 5.0 5.0 3.7 4.6
225 5.0 5.0 4.3 4.7
300 5.0 4.3 5.0 4.8
375 5.0 4.3 4.7 4.7
Mean 5.0 4.6 4.5
LSD (0.05) .94
Rating based on a scale of 1 to 5 where 1 equal to small restricted 
lesions with wide reddish-brown margins and 5 equal to broad rapidly 
spreading areas with relatively little browning at lesion margins.
Table 23. Mean lesion length (cm) for cultivars Labelle, Mars and
Saturn as influenced by nitrogen rate. Rice Research
Station, Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
14 Days after inoculation
0 5.6 cd 5.7 cd 5.0 cd 5.43
75 6.0 cd 4.9 cd 5.4 cd 5.43
150 9.6 b 4.9 cd 4.6 d 6.37
225 9.2 b 5.7 cd 6.9 c 7.24
300 11.9 a 7.2 c 7.0 c 8.68
375 10.5 ab 10.1 ab 6.8 cd 9.13
Mean 8.8 6.4 5.9
LSD (0.05) 2 .0
28 Days after inoculation
0 18.1 cde 6.0 9.1 11.05
75 23.2 bed 9.4 11.9 14.83
150 38.1 a 11.3 13.5 20.97
225 26.1 be 15.2 17.2 19.51
300 39.4 a 11.9 23.0 24.76
375 44.0 a 29.3 16.1 29.80
Mean 31.5 13.9 15.1
LSD (0.05) 7.7
* Means followed by the same letter were not significantly different 
at p = 0.05 using the Least Significant Difference Comparison.
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Table 24. Mean percent (%) tissue diseased for the cultivars Labelle,
Mars, and Saturn as influenced by ^itrogen rate. Rice
Research Station, Crowley LA 1985.
Cultivar
N (Kg/ha) Labelle Mars Saturn Mean
Third ioint stage
0 16.7 be 25.0 ab 16.7 abc 19.47
75 33.3 a 33.3 a 25.0 a 30.53
150 33.3 a 16.7 be 33.3 a 27.77
225 33.3 a 25.0 ab 25.0 ab 27.77
300 25.0 ab 25.0 ab 25.0 ab 25.00
375 33.3 a 25.0 ab 16.7 be 25.00
Mean 23.60 25.00 23.62
LSD (0.05) 16.0
Heading stage
0 41.7 ab 25.0 c 25.0 c 30.57
75 50.0 a 33.3 be 25.0 c 36.10
150 50.0 a 25.0 c 41.7 ab 38.90
225 50.0 a 33.3 be 25.0 c 36.90
300 41.7 ab 25.0 c 33.3 be 33.30
375 50.0 a 25.0 c 33.3 be 36.10
Mean 47.23 27.77 30.55
LSD (0.05) 13.2
Mature rice 
0 66.7 abc 50.0 cde 50.0 cde 55.57
75 75.0 ab 41.7 de 41.7 de 52.80
150 58.3 bed 33.3 e 50.0 cde 47.20
225 75.0 ab 41.7 de 58.3 bed 58.33
300 75.0 ab 50.0 cde 50.0 cde 58.33
375 83.3 a 33.3 e 58.3 bed 58.33
Mean 72.20 41.67 51.38
LSD (0.05) 17.3
* Percent tissue diseased based amount of necrotic tissue relative to
the total plant tissue.
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Table 25. Mean percent (%) 
Mars, and Saturn 
Research Station,
tissue diseased for the cultivars Labelle, 
as influenced by nitrogen rate. Rice 
Crowley, LA 1986.
Cultivar
N (Kg/ha) Labelle Mars Saturn Mean
Third .ioint stage
0 20.0 abc 10.0 be 10.0 c 10.00
75 15.0 be 11.7 be 13.3 be 13.33
150 18.3 abc 11.7 be 16.7 be 15.57
225 26.7 a 13.3 be 20.0 abc 20.00
300 18.3 abc 20.0 abc 18.3 abc 18.87
375 21.7 ab 18.3 abc 20.0 abc 20.00
Mean 20.00 14.17 16.38
LSD (0.05) 8.5
Heading stage 
0 36.7 bede 20.0 f 25.0 def 27.23
75 33.3 cdef 23.3 g 26.7 def 27.77
150 51.6 a 28.3 def 33.3 cdef 37.73
225 50.0 ab 35.0 sde 40.0 abed 41.67
300 50.0 ab 36.7 bede 31.7 cdef 39.47
375 43.3 abc 30.0 cdef 36.7 bede 36.67
Mean 44.15 28.88 32.32
LSD (0.05) 12.8
Mature rice 
0 50.0 b 48.3 be 41.7 c 46.67
75 51.7 b 40.0 c 43.3 be 45.00
150 75.0 a 51.7 b 45.0 be 57.23
225 76.7 a 51.7 b 50.0 be 59.47
300 73.3 a 50.0 be 55.0 ab 59.43
375 76.7 a 65.0 a 61.7 a 67.80
Mean
LSD (0.05)
67.2
16.3
50.95 49.45
* Percent tissue diseased based on amount of necrotic tissue relative
to total plant tissue.
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Table 26. Mean percent (%) 
Mars, and Saturn 
Research Station,
tissue diseased for the cultivars Labelle, 
as influenced by nitrogen rate. Rice 
Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Third ioint stage 
0 13.0 e 13.0 e 13.0 e 13.00
75 19.3 de 13.0 e 25.3 d 19.22
150 37.0 be 19.3 de 19.3 de 25.22
225 37.7 be 21.0 de 38.0 be 32.22
300 52.7 a 19.3 de 50.3 a 40.76
375 44.3 ab 42.0 ab 27.7 cd 38.00
Mean
LSD (0.05)
34.0
10.5
21.3 28.9
Heading stage 
0 30.0 defg 10.0 h 20.0 fgh 20.00
75 40.0 cde 15.0 gh 37.7 cde 27.56
150 62.7 ab 25.0 efgh 25.0 efgh 37.56
225 42.7 cd 32.7 def 42.7 cd 39.34
300 68.0 a 27.7 defg 40.0 cde 45.22
375 65.0 a 50.0 be 35.0 cdef 50.00
Mean
LSD (0.05) 13.
51.4
6
26.7 33.4
Mature rice
0 58.3 bed 25.0 f 25.0 f 36.11
75 61.7 abc 36.7 def 33.3 cdef 43.89
150 83.0 a 25.0 f 38.3 cde 48.78
225 61.7 abc 41.7 cdef 50.0 cde 51.11
300 75.0 ab 38.3 cdef 50.3 cde 54.55
375 83.0 a 50.0 cde 41.7 cdef 58.22
Mean 70.5 36.1 39.8
LSD (0.05) 21.2
 ^ Percent tissue diseased based on amount of necrotic tissue relative
to total plant tissue.
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Table 27. Mean percent (%) tissue diseased for nitrogen and cultivars
(Labelle* Mars and Saturn) averaged over time. Crowley, LA.
1987. 1 2
Days after inoculation
N (kg/ha) 14 28 42 Mean
0 13.0 cd 20.0 c 36.1 b 23.03
75 19.2 c 27.6 c 43.9 b 30.22
150 25.2 be 37.6 b 48.8 ab 37.19
225 32.2 ab 39.3 b 51.1 a 40.89
300 40.8 a 45.2 ab 54.6 a 46.84
375 38.0 a 50.0 a 58.2 a 48.74
Mean 23.1 36.6 48.8
LSD (0.05) 8.7 8.9 14.2
 ^ Percent tissue diseased based on amount of necrotic tissue relative
to total plant tissue.»
2
Means followed by the same lettez■ were not significantly different
at p = 0 .05 using the Least Significant Difference comparison
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Table 28. Mean height of disease symptoms (% of total plant height)
for the cultivars Labelle, Mars and Saturn as influenced by 
nitrogen rate following inoculation^with R. solani. Rice 
Research Station, Crowley, LA 1987.
Cultivar
N (Kg/ha) Labelle Mars Saturn Mean
0 37.7 cde 22.7 e 25.0 de 28.47
75 50.0 be 22.7 e 29.0 cde 33.90
150 70.3 a 37.7 cde 37.7 bed 48.57
225 46.0 bed 37.7 cde 42.0 be 41.90
300 75.0 a 41.7 cde 41.7 be 52.80
375 74.0 a 62.7 ab 55.3 a 64.00
Mean 58.8 37.5 38.5
LSD (0.05) 18.2
* Height of disease symptoms were measured at maturity relative to the 
plant height.
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Table 29. Mean infection cushion number per cm for the cultivars 
Labelle, Mars, and Saturn inoculated with R. solani as 
influenced by nitrogen rate. Rice Research Station, 
Crowley, LA 1985.
Cultivar
N (kg/ha) Labelle Mars Saturn
0 46.9 c 20.1 gh 18.5 h
75 58.5 b 21.5 gh 21.5 gh
150 70.2 a 32.8 e 26.4 fg
225 62.9 b 28.1 ef 23.7 fgh
300 49.9 c 26.2 fg 20.3 gh
375 40.5 d 24.9 fgh 20.0 gh
Mean 54.8 25.6 21.7
LSD (0.05) 7.8
 ^Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significant Difference comparison.
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Table 30. Mean infection cushion number per cm for the cultivars 
Labelle, Mars, and Saturn inoculated with R. solani as 
influenced by nitrogen rate. Rice Research Station, 
Crowley, LA 1986.
Cultivar
N (kg/ha) Labelle Mars Saturn
0 55.2 b 23.0 c 20.7 c
75 51.9 b 27.9 c 22.5 c
150 67.2 a 27.5 c 25.5 c
225 71.8 a 26.3 c 23.8 c
300 59.1 b 22.0 c 22.1 c
375 58.0 b 21.1 c 20.5 c
Mean 60.5 24.6 22.5
LSD (0.05) 6.8
* Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significance Difference comparison.
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Table 31. Mean infection cushion number per cm for the cultivars 
Labelle, Mars, and Saturn inoculated with R. solani as 
influenced by nitrogen rate. Rice Research Station, 
Crowley, LA 1987.
Cultivar
N (Kg/ha) Labelle Mars Saturn
0 55.6 d 27.3 e 19.9 fg
75 56.9 cd 22.1 efg 21.1 efg
150 72.0 a 23.A efg 25.6 ef
225 67.0 ab 27.3 e 22.4 efg
300 62.5 be 23.9 efg 20.4 efg
375 61.2 bed 21.9 efg 16.8 g
Mean 62.5 24.3 21.0
LSD 0.05 6.1
* Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significant Difference comparison.
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Table 32. Mean infection cushion number per cm for the cultivars 
Labelle, Mars, and Saturn inoculated with R. solani as 
influenced by nitrogen rate. Greenhouse. Baton Rouge, LA 
1987.
Cultivar
N (kg/ha) Labelle Mars Saturn
0 63.3 b 24.3 fg 22.2 g
75 62.8 b 23.6 fg 25.3 fg
150 73.7 a 37.8 d 25.9 fg
225 72.6 a 35.2 de 23.3 g
300 64.5 b 30.3 ef 21.8 g
375 53.2 c 32.6 de 20.1 g
Mean 65.1 30.0 23.1
LSD (0.05) 6.1
* Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significant Difference comparison.
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Table 33. Mean infection cushion number per cm averaged over
cultivars, nitrogen, and years following inoculation with 
R. solani. Rice Research Station, Crowley, and Baton 
Rouge, LA 1985 to 1987.
Cultivars
Year Labelle Mars Saturn LSD
(0.05)
1985 54.8 a 25.6 b 21.7 b 5.69
1986 60.5 a 24.6 b 22.5 b 5.02
1987 62.5 a 24.3 b 21.0 b 6.01
Greenhouse 65.1 a 30.0 b 23.1 b 6.04
Mean 60.7 26.1 22.1
 ^Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significant Difference comparison.
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Table 34. Mean amount of epicuticular wax in mg/g leaf tissue for the
cultivars Labelle, Mars, and Saturn as influenced by ^
nitrogen rate. Rice Research Station, Crowley, LA 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Mid boot stage
0 17.4 fg 24.9 a 21.3 bed 21.20
75 16.2 gh 23.1 abc 23.6 ab 20.97
150 14.3 hi 21.2 cde 21.6 bed 19.03
225 15.1 h 19.4 def 17.6 fg 17.37
300 12.4 ij 17.9 fg 19.8 def 16.70
375 10.6 j 18.9 ef 18.1 fg 15.87
Mean
LSD (0.05) 2.2
14.3 20.9 20.3
Heading
0 12.8 fg 18.8 a 16.4 be 15.73
75 U . 4  g 17.6 ab 17.0 be 15.33
150 11.2 g 15.6 bed 14.8 cde 13.87
225 11.2 g 15.0 cde 13.4 efg 13.20
300 8.9 h 13.6 def 15.0 cde 12.50
375 7.0 h 13.2 efg 13.3 efg 11.17
Mean 10.4 16.6 15.0
LSD (0.05) 2.1
 ^Means followed by the same letter were not significantly different 
at p = 0.05 using the Least Significant Difference comparison.
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Table 35. Mean amount of epicuticular wax in mg/g leaf tissue for
the cultivars Labelle, Mars, and Saturn as influenced by ^
nitrogen rate. Greenhouse test, Baton Rouge, LA in 1987.
Cultivar
N (kg/ha) Labelle Mars Saturn Mean
Mid-boot stage
0 13.5 fg 22.3 a 18.4 bed 18.10
75 12.8 gh 21.2 ab 17.5 bed 17.20
150 10.3 h 19.4 be 19.1 bed 16.30
225 14.0 fg 16.5 def 14.0 fg 14.80
300 9.0 i 14.2 fg 15.5 efg 12.90
375 8.2 i 15.0 efg 13.0 gh 12.10
Mean 11.3 18.1 16.3
LSD (0.05) 2.6
* Means followed by the same letter were not significantly different
at p = 0.05 using the Least Significant Difference comparison.
105
Table 36. Mean yield in kg/ha for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate and sheath bright
disease. Rice Research Station, Crowley, LA 1985.
N (kg/ha) Inoculated Uninoculated % Change^
Labelle
0 1778.2 c 2366.9 abc - 24.9
75 2339.4 abc 3183.2 a - 26.5
150 1756.1 c 2231.2 abc - 21.3
225 1890.6 c 2367.8 abc - 20.2
300 2007.5 be 3014.0 ab - 33.4
375 2533.4 abc 3266.8 a - 22.5
Mean 2050.9 2738.3 - 25.1
LSD (0.05) 939.7
Mars
0 3768.0 d 4266.5 cd - 11.7
75 4287.7 bed 4486.1 abc - 4.4
150 4424.1 be 4446.3 abc - 0.5
225 4405.0 be 4531.0 abc - 2.8
300 4892.3 ab 5033.3 a - 2.8
375 4258.6 cd 4318.0 bed - 1.3
Mean 4339.3 4531.5 - 4.2
LSD (0.05) 544.7
Saturn
0 2121.0 d 2749.4 cd - 22.9
75 2973.1 cd 3268.0 be - 9.0
150 4791.6 a 4813.2 a - 0.4
225 4640.6 a 4667.0 a - 0.6
300 3455.4 be 4505.6 ab - 23.3
375 4330.2 a 4505.6 a - 3.8
Mean 3718.6 4084.8 - 9.0
LSD (0.05) 830.4
Means followed by the same letter were not significantly different
2  at the p = 0.05 level.
% change = (inoculated minus uninoculated / uninoculated) X 100
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Table 37. Mean yield in Kg/ha for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate and sheath bright
disease. Rice Research Station, Crowley, LA 1986.
N (kg/ha) Inoculated Uninoculated % Change^
Labelle
0 1071.1 g 1573.2 ef - 31.9
75 1541.1 ef 1967.3 de - 21.7
150 2432.1 be 2746.4 b - 11.4
225 2736.4 b 3491.5 a - 21.6
300 1834.5 de 2682.3 b - 31.6
375 1302.7 fg 2100.5 cd - 38.0
Mean 1819.8 2426.9 - 26.0
LSD (0.05) 412.3
Mars
0 2044.0 h 2386.3 g - 14.3
75 2903.9 f 3452.6 cd - 15.9
150 4008.2 a 3556.0 bed - 11.3
225 3659.3 be 4164.1 a - 12.1
300 3267.1 de 3870.1 ab - 15.6
375 3082.8 ef 3563.6 bed - 13.5
Mean 3085.8 3574.2 - 13.8
LSD (0.05) 311.9
Saturn
0 1991.6 j 2343.5 i - 15.0
75 2940.4 g 3501.7 e - 16.0
150 3694.5 cd 4058.9 b - 9.0
225 3847.0 c 4332.4 a - 11.2
300 3065.1 g 3582.0 de - 14.4
375 2678.4 h 3286.2 f - 18.5
Mean 3036.2 3517.4 - 14.0
LSD (0.05) 182.5
Means followed by the same letter were not significantly different
2  at the p = 0.05 level.
% change = (inoculated minus uninoculated / uninoculated) X 100
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Table 38. Mean yield in Kg/ha for the cultivars Labelle, Mars, and
Saturn as influenced by nitrogen rate and sheath blight
disease. Rice Research Station, Crowley, LA in 1987.
N (kg/ha) Inoculated Uninoculated
2
% Change
Labelle
0 2336.A g 27A9.1 fg - 15.0
75 2539.1 fg 3307.A def - 23.2
150 3051.0 efg A765.2 ab - 36.0
225 A1A6.3 bed 5037.1 a - 17.7
300 3813.2 cde A080.7 bed - 6.6
375 3950.3 bed AA52.A abc - 11.3
Mean 3306.0 A065.3 - 18.7
LSD (0.05) 773.A
Mars
0 3A9A.9 f A159.5 e - 15.9
75 A387.A e A979.3 d - 11.9
150 5305.9 bed 5750.6 a - 7.5
225 5158.1 cd 5663.2 ab - 8.9
300 5052.6 d 5522.5 abc - 1A.6
375 5059.A d 5916.9 a - 8.6
Mean A7A1.A 5332.0 - 11.1
LSD (0.05) 388.9
Saturn
0 3623.9 e A0A9.A cde - 10.5
75 3853.8 de A607.8 bed - 16.A
150 A975.5 ab 5688.9 a - 12.5
225 A575.9 bed 5112.2 ab - 10.5
300 A290.1 cde A996.A ab - 1A.1
375 A675.2 be 5291.8 ab - 11.7
Mean A3A9.1 A957.8 - 12.3
LSD (0.05) 72A.2
Means followed by the same letter were not significantly different
„ at the p = 0.05 level.
% change = (inoculated minus uninoculated / uninoculated) X 100
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Table 39. Comparison of year to year effect of disease on percent 
yield reduction for the cultivars Labelle, Mars and 
Saturn. Rice Research Station, Crowley, LA 1985 to 1987.
Cultivar
Year Labelle Mars Saturn Mean
1985 25.1 4.2 9.0 12.7
1986 26.0 13.8 14.0 17.9
1987 18.7 11.1 12.3 14.0
Mean 23.3 9.7 11.8
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Table 40. Mean number of sterile panicles in the cultivars Labelle, 
Mars and Saturn as influenced by nitrogen rate and sheath 
blight in a field test conducted at the Rice Reasearch 
Station, Crowley, LA 1987.
N (kg/ha) Inoculated Uninoculated % Change'1’
Labelle
0 4.0 de 1.3 e 207.7
75 4.0 de 2.0 e 100.0
150 5.0 de 1.3 e 284.6
225 13.3 b 6.7 cd 98.5
300 20.3 a 8.3 cd 144.6
375 18.7 a 9.3 be 101.1
Mean 10.9 4.8 127.1
LSD (0.05) 4.0
Mars
0 5.3 cd 2.0 e 165.0
75 6.3 cd 3.7 de 70.3
150 6.3 cd 3.7 de 70.3
225 11.3 a 6.3 cd 79.4
300 10.7 a 7.3 be 46.6
375 9.7 ab 6.3 cd 54.0
Mean 8.3 5.4 53.7
LSD (0.05) 2.6
Saturn
0 2.3 e 1.0 e 130.0
75 2.7 de 1.7 e 58.8
150 11.7 ab 5.7 cde 105.3
225 11.7 ab 5.3 cde 120.8
300 16.3 a 9.0 be 81.1
375 17.3 a 8.0 bed
Mean 10.2 5.2
LSD (0.05) 4.9
1 2Sterile panicles reflected counts made per m of plot area.
2 % change reflected percent increase in sterile panicle counts in
inoculated plots compared to counts in uninoculated plots.
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Table 41. Pearson's correlation coefficients for selected
characteristics, data from a field test conducted at the
Rice Research Station at Crowley, LA. 1985.
Infection 
cushiog 
no./cm
(ic)
Yield
kg/ha
(YLD)
Plant
weight
(PW)
Infected
tillers
(IT)
Percent
tissue
diseased
(PTD)
Disease
rating
(0-9)
(DR)
Three cultivars combined
Nitrogen
IC
YLD
PW
IT
PTD
-0.03 0.28*
-0.62**
0.39*
-0.49**
0.68**
-0.09
0.50**
-0.50**
-0.32*
0.11 
0.44** 
-0.35** 
0.20 
0.58**
0.01
0.59**
-0.42**
0.25
0.85**
0.67**
Labelle
Nitrogen
IC
YLD
PW
IT
PTD
-0.06 0.22
-0.35*
0.24
-0.33*
0.64**
-0.07
0 .88**
-0.28
-0.35
0.64
0.86**
-0.23
-0.26
0.90**
-0.06 
0.91** 
-0.25 
-0.34 
0.98** 
0.93**
Mars
Nitrogen
IC
YLD
PW
IT
PTD
0.06 0.08
-0.14
0.26
-0.06
0.28
0.01 
0.82** 
-0.08 
0.01
-0.05
0.87**
-0.09
0.06
0.87**
-0.05
0.85**
-0.08
0.17
0.93**
0.92**
Saturn
Nitrogen
IC
YLD
PW
IT
PTD
0.03 0.55**
-0.04
0.48**
-0.08
0.71**
-0.04
0.90**
-0.20
-0.10
0.06
0.94**
-0.06
-0.06
0.93**
0.09
0.93**
-0.38
-0.54
0.94**
0.90**
** significant at p = 0.01; * significant at p = 0.05;
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Table 42. Pearson's correlation coefficients for selected
characteristics, data from field test conducted at the
Rice Research Station, Crowley, LA 1986.
Infection 
cushions 
no./cm 
(IC)
Yield 
kg /ha
(YLD)
Disease
rating
(0-9)
(DR)
Percent
tissue
diseased
(PTD)
Infected
tillers
(IT)
Three cultivars combined
Nitrogen
IC
YLD
DR
PTD
0.01 0.26**
-0.53**
0.56**
0.56**
-0.40**
0.52**
0.63**
-0.06
0.70**
0.56**
0.56**
-0.40**
0.41**
0.45**
Labelle
Nitrogen
IC
YLD
DR
PTD
0.03 0.26
-0.32
0.20
0.95**
-0.39*
0.14
0.97**
-0.36*
0.97**
0.08
0.98**
-0.36*
0.97**
0.97**
Mars
Nitrogen
IC
YLD
DR
PTD
-0.05 0.44** 
-0.28
0.19
0.93**
-0.27**
0.10
0.94**
-0.30
0.95**
0.01
0.97**
0.27*
0.93**
0.97**
Saturn
Nitrogen
IC
YLD
DR
PTD
-0.01 0.29
-0.28
0.11
0.91**
-0.31
0.13
0.93**
-0.32
0.96**
0.20
0.96**
-0.35*
0.96**
0.95**
** significant at p = 0.01
* significant at p = 0.05
Table 43. Pearson's correlation coefficients for selected characters
evaluated in a field test at the Rice Research Station at
Crowley, LA 1987.
Infection
cushions
(IC)
Yield
(YLD)
Infected
tillers
(IT)
(%)
Percent
tissue
diseased
(PTD)
Lesion
size
(LS)
(cm)
Disease
rating
(DR)
Nitrogen 0.01 0.40 0.50 0.34 0.49 0.44
rates ** ** ** ** **
(IC) -0.46 0.50 0.71 0.67 0.63
** ** ** ** **
(YLD) -0.16 -0.39 -0.18 -0.27
** **
(IT) 0.75 0.66 0.83
** ** **
(PTD) 0.73 0.80
** **
(LS) 0,79
* *
Sterile 0.15 0.15 0.45 0.38 0.49 0.44
panicle ** ** ** **
Disease 0.56 -0.15 0.75 0.75 0.83 0.82
height ** ** ** ** **
EW (mg/g) -0.71 0.18 -0.60 -0.69 -0.76 -0.66
(mid-boot) * * ** ** ** **
EW (mg/g) -0.67 0.17 -0.25 -0.52 -0.78 -0.70
(heading) ** ** ** **
Plant -0.77 0.61 -0.24 -0.52 -0.42 -0.43
weight(g) ** ** ** ** **
** significant at p = 0.01
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Table 44. Pearson1 correlation coefficients for selected characters 
evaluated in a field test at the Rice Research Station at 
Crowley, LA in 1987.
Disease
height
(%)
Epicuticular 
wax (mg/g of 
leaf tissue) 
(Mid-boot)
Epicuticular 
wax (mg/g of 
leaf tissue) 
(Heading)
Plant
weight
(g)
Nitrogen
fertilization
0.55** -0.49** -0.50** 0.34*
** Significant at p = 0.01 
* Significant at p = 0.05
APPENDIX A: ADDITIONAL LITERATURE REVIEW
Distribution and Economic Importance:
Sheath blight in rice caused by Rhizoctonia solani Kuhn 
[Thanatephorus cucumeris (Frank) Donk], is the second most 
economically important fungal disease in rice (Oryza sativa L.) 
(80,83,120,121). Although the disease was first recorded on rice by 
Miyake (106) in 1910, according to Wei (169), the disease was noted 
earlier in 1901 by Yano in Japan. It has since been found in numerous 
and diverse ecologies and described by different names. The host
range of the fungus is so broad that one authority considered it 
relatively safe to assert that no plant species was immune (10). 
William and Walker (174) noted that some strains of the fungus cannot 
attack some plants.
Because of its extraordinary host range, vast geographic
distribution, extreme environmental adaptability, and potentially
destructive capabilities, solani is considered one of the most
important pathogens in the world. According to Baker, R^ solani at 
present causes more different types of diseases to a wider variety of 
plants, over a larger part of the world, and under broader and more 
diverse environmental conditions, than any other plant pathogenic
species. Reports of its occurrence from virtually all Asian countries 
fueled the notion that the disease was an Oriental disease and 
occurred only in Asia. Some of the ascribed names, many of which have 
been abandoned, include Sclerotium irregulare (Miyake) and Hypochnus 
sasaki Shirai (152), Sawada (148). ReinKing (131) and Palo (122), 
after extensive work on the biology of the fungus in the Phillippines
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reported that the fungus belong to the solani group. Later in 
1932, Park and Bertus (123) and Wei in 1934 (169) referred to the 
fungus as similar to that of Rhizoctonia solani described earlier by 
Kuhn. Sheath blight is now reported to be present in all tropical and 
subtropical countries (19,48,50,104,120,168).
The incidence of sheath blight gained much attention beginning 
with the onset of the green revolution (19,83,120). The introduction 
and extensive cultivation of high yielding, susceptible, dwarf 
cultivars requiring high levels of nitrogen and grown under intensive 
cultures and high densities/unit area created congenial agroecosystems 
for disease development (5,47,48,50,120,140,157,159,160,161). Yield 
loss reports from different countries vary considerably (3). Yield 
losses varying from 7 to 50 percent, depending on the cultivar grown 
and the cultural practices utilized, were reported by Templeton and 
Johnson (160,161) and Rush (138). According to Rush, and later 
Marchetti (91), grain weight, panicle length and milling quality were 
severely and adversely affected due to the incidence of sheath blight. 
Sterile florets were significantly more numerous in diseased plants 
(91,92). Yield losses of 2,400 to 38,000 tons from an area covering 
120,000 to 190,000 ha (164) in Japan, 33 percent or 1582.5 kg/ha in 
Louisiana and 25 percent in Arkansas have been reported (138,164). As 
early as 1971, Rush reported 10 to 33 percent losses in Louisiana rice 
fields. Marchetti in 1982 reported a yield reduction in rough rice of 
38.7 percent in experimental plots in Texas. A 30 to 40 percent yield 
loss was reported by Hashioka when 100 percent of the tillers were 
infected (49). He asserted that percent yield loss in a given field 
depends on the level of susceptibility and cultural conditons. Most
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critical, however, was the stage of plant growth at which infection 
was initiated (128). Tsai (164) observed that yield losses were not 
significant if plants became infected following the soft dough stage 
of plant development. In nitrogen trials conducted at the 
International Rice Research Institute (IRRI) a 25 and 30 percent yield 
reduction was associated with low and high nitrogen levels, 
respectively [60,61].
Distribution in the U.S.: The earliest reference to the
ccurrence in the United States was made by Ryker and Gooch in 1938 
(147). Sheath blight has since been reported to occur in five of the 
major rice producing states of the United States. These include 
Arkansas, Louisiana, Texas, California, and Florida 
(2,5,137,147,160,161,172). Until the early 1970's the disease was 
considered endemic and not serious. More recently, frequent epidemics 
have been reported in the rice producing states of the South 
(5,33,136,142,160). The change in epidemiological status has been 
blamed on changes in cultivation practices. The cultivars preferred 
commercially are more susceptible, use of nitrogen has increased 
considerably, cultivation is more intense, and rotation with other 
susceptible hosts such as soybeans (Glycine max L.) and sorghum 
(Sorghum bicolor L.) is more widespread (5,49,146). The disease was 
reported to have reached epidemic proportions in Louisiana in 1972 and 
1975 (116,117,139). Most recent surveys rate sheath blight as the 
most important economic disease of rice in Louisiana and parts of 
Texas and Arkansas (44,45). In 1984, sheath blight pressure was 3 
times greater than blast on long grain cultivars grown in southwest 
Louisiana (44).
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Epidemiology; According to Endo (32), Lee and Rush (83), Lee 
(82) and Ou (120), R. solani survives in soil as sclerotia or mycelium 
in plant debris (10). Length of survival has been studied by many 
researchers. Length of sclerotia survival depends on soil 
temperature, soil moisture, and soil depth (11,122,123). Survival for 
131 days to 21 months have been reported. A positive correlation 
between number of sclerotia and degree of subsequent sheath blight 
infections was established by research at the International Rice 
Research Institute (64). According to Lee and Courtney (82), 
secondary sclerotia formed during the season may be epidemiologically 
important. Mature sclerotia are bouyant and would therefore float on 
the surface of the irrigation water in rice paddies. Infection is 
initiated when contact is made between the floating sclerotia and the 
leaf sheath of the plant at the waterline. Kozaka (77) and Hashioka 
and Okuda (51) histologically confirmed that entry is usually through 
the inner epidermis of the leaf sheath, whereas, Marshall and Rush 
(95) observed that the outer epidermis was the site of penetration. 
Mycelia and runner hyphae from primary lesions growing both within and 
on the surface of the plant were reported to have initiated secondary 
infections. Entry by direct penetration through the cuticle following 
the formation of penetration pegs associated with infection cushions 
and/or lobate appressoria has been reported by Ou (120) and Marshall 
and Rush (93). Entry through stomatal openings is possible but not 
very common. There are few reports of the basidial state and this 
stage has not been considered epidemiologically important (34,59,60).
Secondary sclerotia fall to the water surface and come in contact 
with and initiate infection in different tillers. Mycelia growing in
a weblike fashion can also initiate infection. Number and viability 
of sclerotia are two of the factors that affect inoculum potential 
(82). Kozaka (77,78) and Ou [120] reported that two to four day old 
lesions were capable of giving rise to infectious and aggressive 
mycelia. Build-up of sclerotial populations in the field may be 
further reinforced by the sclerotia produced on alternative hosts such 
as soybean and graminaceous weeds (82,83 140). Sequencing rice with 
soybean increases the prevalence of sheath blight. Boosalis and 
Scharen in 1960, demonstrated that pigweed was susceptible to R. 
solani strains pathogenic to beans, sugarbeets, alfalfa and potatoes 
(17). Numerous other species from the families Graminaceae and 
Cyperaceae have been shown to be susceptible to R. solani strains 
pathogenic to rice (163).
The symptoms caused by the fungus have been described by Ou 
(120,121) and more recently by Rush and Lee (83). According to these 
researchers, the initial spots are circular or oval to oblong or 
ellipsoid, greenish-grey in color with an irregular margin. Mature 
lesions appear greyish-white with brown margins. The lesions first 
appear near the waterline which is considered the infection court by 
some. Under favorable conditions lesions may expand upwards and 
eventually blight entire plants. According to Hashioka (48), these 
elliptical to oblong spots become straw colored or gray with distinct 
brown borders as lesions mature. In susceptible varieties the spots 
become large and somewhat irregular as several lesions coalesce. In 
very severe disease situations, lesions arising from runner hyphae
infection may enlarge and coalesce to give a blighted appearance to 
the entire plant (59,91,140). Lesions have alternating light and dark 
brown bands comparable to the diurinal bands produced by the fungus 
when growing on media (10). Sclerotial initials are white and are 
found near or on the margins of lesions. Mature sclerotia are dark 
brown in color and are loosely attached to the plant from where they 
fall to the water to initiate new infections or to the soil surface to 
over winter.
Types of diseases produced by the fungus include seed decays, 
pre- and post-emergence damping-off, soil rots, storage rots or 
blemishes, wirestem or soreshin, root rot, hypocotyl and stem cankers, 
aerial (web, leaf) blights especially in warm, humid, tropical or 
sub-tropical climates.
Classification and Nomenclature:
According to Menzies (103), Julius Khun observed a fungus on 
diseased potato tubers and named it Rhizoctonia solani in 1858. Since 
then it has been observed in diverse ecologies. Nomenclature and 
taxonomy of the fungus have undergone exhaustive controversy and 
confusion because of the wide variability in its morphology, 
physiology, and pathogenicity (112,113,124,125).
In 1891, the perfect state was discovered by Prillieux and 
Delacroix who named it Hypochnus solani. Later synonyms were: 
Corticium vagum, Pellicularia filamentosa, and more recently 
Thanatephorus cucumeris.
De Candolle erected the genus Rhizoctonia in 1815 based on 
sclerotia producing ability of the fungus. Recent evidence (126)
indicates that at least two distinct fungi had previously and 
frequently been studied as one and the same R. solani species. 
Because of its extreme variability and ubiquity over diverse 
ecological regions, the fungus has gone through a series of name 
changes. Valdez (167) found that eight genera of Graminaceae and one 
genus of Cyperaceace, common in rice fields, were infected by strains 
of R. solani which caused sheath blight in rice. Eleven genera and 20 
species from the same two families were reported to be alternative 
hosts to R^ solani (164). Some confusion in the taxonomy and 
nomenclatural designations of the fungus still exist. As the fungus 
gained recognition by virtue of the many diseases caused over a wide 
host range, some structure in the taxonomy developed. Presently, the 
general concensus is to refer to the fungus in its imperfect or 
anamorphic state as Rhizoctonia solani Kuhn and the perfect but rarely 
found teliomorphic state as Thanatephorus cucumeris (Frank) Donk 
(60,82,120,121,151). Table 1 gives a listing of many of the previous 
names of both the anamorph and teliolmorph. Some of these names are 
still being used in different countries although the same fungus 
causing the same diseases in the same or different crops is involved. 
The rarity of the perfect state makes the task of identification and 
classification even more difficult, since researchers have had to rely 
on the highly variable anamorphic state (65).
Due to this enormous variation and confusion, Sherwood in 1969 
proposed that anastomosis groupings, a genetically controlled trait, 
be used as criteria for identification and classification (150). Also 
because of this disharmony and variability, diseases caused by the 
fungus have a variety of names. According to Ou (120) some of the
names used to designate the disease caused by R. solani on rice 
include sclerotia blight, bordered leaf spot, sheath spot, Oriental 
sheath and leaf spot, and banded sheath spot.
O'Neill investigated the homogeneity of fungal populations and 
etiology of fungi causing sheath blight and sheath spot in Louisiana 
on rice, soybean, and sorghum. Significant differences in size, color 
of sclerotia, production, growth rate, and virulence were reported. 
Single basidiospore isolates from a virulent parent varied greatly in 
their virulence ranging from nonvirulent to highly virulent (115,118). 
This enormous variability has led to suggestions that a species
concept not be applied to R. solani (81,125,126).
Environmental and Cultural Conditions;
The fungus thrives optimally at high relative humidity levels of 96 
to 97 percent (77,143) and temperature levels of 30 to 32 C. Studies 
conducted by Matsumoto, et al. (101), with 17 R. solani strains showed 
variability in their temperature requirements. A temperature range 
supporting mycelial growth of 13 - 37 C with 28 - 31 C optimum was
reported. Hot and humid conditions typical of Louisiana weather
conditions are especially conducive to disease development. Under
high relative humidities of 96 - 100 percent, it was observed that 
hyphae grew from leaves of infected plants to the leaves of adjacent 
uninfected plants. Infections were reported by Rush and Lee in 1983 
to be most severe at 100 percent relative humidity with 85 to 88 
percent being the minimum relative humidity necessary. Cloudiness or 
low sunlight and a heavy plant canopy are also important factors that 
are congenial for disease increase (136).
Other factors associated with high disease incidences include
thick plant stands, close spacings, high nitrogen applications, and 
susceptible cultivars (128,132). Groth and Brandon (43) investigated 
the effect of nitrogen on sheath blight development and reported that 
rice plots with high levels of nitrogen had a significantly higher 
amount of disease. They speculated that primary infection was due to
inoculum applied, whereas, secondary and tertiary lesions were
increased due to nitrogen supplied by the host to the mycelium. 
Severe disease pressures on high nitrogen soils have also been 
confirmed by numerous groups (21,77,78,86). Susceptibility of the 
leaf sheath was found to be positively correlated with N content. 
Lesion size was larger on plants with high nitrogen and the percent of 
culm affected with sheath blight was proportional to the increase in 
the amount of nitrogen applied. High disease incidence under close 
spacing and high nitrogen application rates have been reported by Roy 
(135), Kannaiya and Prasad (74), and IRRI (61,62,63,65,66). 
Increasing the level of N from 20 to 120 ppm resulted in an increase 
in the incidence of infected tillers from 28 to 77 percent.
Increasing the levels of N from 0 to 90 kg/ha gave an increased 
disease incidence in the highly susceptible cultivar Co33, but not the 
resistant cultivar BJ1.
Control
Resistance: Resistance offers the cheapest and most practical
means of control of the disease, unfortunately, there are no known 
sources of high resistance in cultivars of rice (13,18,83,107). 
Selection for resistance to infection is not as effective as with
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other host pathogen systems. This is probably due to the extreme 
variability of the pathogen and its exceptionally broad and diverse 
host range (81). Because of its economic importance, national and 
international programs have engaged in the screening of many thousands 
of lines in various nurseries. Numerous reports from different parts 
of the world have identified and reported the existence of moderately 
resistant lines. IRRI, in the last decade and a half, has screened 
thousands of lines in various regions worldwide in the IRRI sheath 
blight nursery (IRSHBN) (59,60,65,72,73,98,175).
Screening for sources of resistance to sheath blight has also been 
conducted at the Rice Research Station at Crowley, Louisiana for the 
last 16 years (53,54,55,98). Some moderately resistant lines have 
been identified and results from these undertakings indicate that 
progress can be made through this approach. Innovative approaches are 
also being utilized to search for resistant sources. Rush and Cao 
(1985), Rush and Xie (177) and McKenzie et al. (102) utilized tissue 
culture (somaculture) and radiation to modify cultivars to induce 
variations with the purpose of selecting for resistance. Preliminary 
reports of resistant somaclones from a highly susceptible commercial 
cultivar may provide the needed resistance being sought coupled with 
high yield potential and desirable qualities.
Inheritance studies were independently carried out by Masajo (98) 
and Goita (40) in which early generations from crosses involving 
resistant X susceptible lines were evaluated with regards to their 
segregation patterns. Comparisons of frequency distribution to 
standard Mendelian ratios indicated that resistance to sheath blight 
was dominant or partially dominant over susceptibility and it appeared
that two or three pairs of genes were involved. Heritability, 
however, was reported to be very low. Many plant characteristics 
including plant height, tillering habit, surface wax deposition, 
maturation, phenolic-like compounds and thickness of cuticle have been 
reported to be associated with resistance
(4,14,16,20,22,23,24,74,75,93,94,129).
Reports of observed variation in symptom expression in resistant 
and susceptible cultivars with respect to the relative area of 
browning bordering the lesions have been made (54,93,94). Resistant 
cultivars possessed lesions with broader red-brown bands and were more 
restricted, whereas, more susceptible cultivars displayed large 
necrotic centers and very narrow red-brown borders. Marshall and Rush 
(93,94,96) attributed this to probable differences in rate and levels 
in the accumulation of phenolic compounds (114,127,179). Phenol 
accumulation in diseased rice tissue has been reported to occur in 
disease situations involving blast, bacterial blight, brown spot and 
sheath blight (20,88,89,90,114,179). Reddening of tissue bordering 
the lesions was associated with phenol accumulation and cell collapse.
Different amounts of epicuticular waxes were observed to be 
associated with rice cultivars differing in their resistance to sheath 
blight. It was observed and reported that resistant cultivars had 
more surface wax whereas susceptible cultivars had negligible amounts 
of EW. Moderately resistant cultivars possessed varying levels of 
wax. Resistant cultivars became more susceptible when their EW was 
removed prior to inoculation (93,99,100,108,156,158). The 
relationship of EW to resistance in rice to Helminthosporium oryzae 
was also reported by Hau et al. (52).
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It was also reported that the number of infection structures were 
significantly more numerous on the waxless, susceptible cultivars when 
compared to their waxy, resistant or moderately resistant counterparts 
under the same conditions of cultivation and processing (93,95). 
Although EW highly heritability, it is significantly influenced by a 
host of environmental factors (7,8,9,37,39,46,57,67,68,69,71,79,119, 
130,153,154,162,166,173)
Histopathological studies of the pre-penetration activities of R. 
solani in rice were conducted by Marshall and Rush (94). It was 
observed that the fungus produced different kinds of infection 
structures and the number of the structures produced on leaf sheaths 
and blades was positively correlated with susceptibility. 
Significantly higher numbers of infection structure were produced on 
the susceptible cultivars. This phenomenon has been reported in other 
genera and species of plants infected by R. solani 
(1,6,28,31,35,36,51,70,77,93,95,97). Production of infection 
structures has been argued to be either induced by a contact 
(physical) stimulus (25) or by a chemical stimulus (volatile host 
exudates) (28,35,36,94,95,176). Colloidon membranes placed over stem 
pieces of resistant and susceptible cultivars and inoculated supported 
pre-penetration activities similar to direct inoculation on host 
tissue (94,95). The theory of host exudation or a possible 
involvement of a chemical stimulus has been reported numerous times in 
the literature. Suggestions that surface wax restricts the movement 
of an infection cushion elicitor from coming to the surface of the 
plant have been made by several researchers. However, the waxes or 
substances associated with them have also been reported to have
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antifungal properties (12,15,16,26).
Masajo (98) and Manain (87) found very strong positive 
correlations between lateness and disease severity in rice. Late 
maturing cultivars tended to have less disease due to fewer 
infections. Inconsistent correlations have been reported between 
early and late growth stage resistance (111). Positive correlations 
were reported by Masajo (98) while research reports from IRRI (58) 
showed variable results.
Chemical: Extensive research on the use of chemical foliar sprays to
control sheath blight have been carried out in Japan where foliar 
spraying is commonplace in commercial production. Various degrees of 
control with different chemicals have been reported in the literature. 
In the Phillipines, Fangotox and Plantvax 75 WP (oxycarboxin) 
effectively controlled sheath blight (27,56,140,141,142,143,145,178).
In Japan, iron methane arsonate (Monzoa), ammonium methane 
arsonate (Nearsozin), polyoxin, validamycin, and mepronil have been 
recommended in recent times as effective means of controlling sheath 
blight (56). Other chemicals that gave significant yield increases 
included Kitazan, Hinosan, Demosan, and Daconil (56).
Since 1972, Rush and co-workers have conducted intensive foliar 
fungicide studies for control of sheath blight. Various chemical 
formulations have been reported to be efficient in different years. 
Benomyl (Benlate), triphenyltin acetate, chlorothalonil, validamycin, 
tilt 3.6E, tilt 3.6E + benlate, Dithane M-45 and Duter have been 
consistently promising (140,141,142,143,144,145]. In 1972, 27 out of 
36 chemical treatments gave significant control resulting in a 680 to
1,382.5 kg/ha increase in yield of the sprayed inoculated plots over 
the inoculated unsprayed plots. Rovral, Benlate, Duter, SN 84364, 
NTN1970 75wp, and Tilt + Benlate in combinatio4n were effective in 
more recent years. The application of these fungicides at both 
booting and heading stages have given effective control.
Biological; Garrett (38) defined biological control as " any 
condition under which or the practice whereby survival or activity of 
a pathogen is reduced through the agency of any other living organism 
with the result that there is a reduction in the incidence of the 
disease caused by the pathogen". In this regards, there have been 
numerous classical experiments that have been reported of other 
organisms effectively controlling or suppressing the growth and 
activities of EL solani (17,29,30,85,149). However, the practical use 
of this control measure is limited by many other constraints.
Reduction of Rhizoctonia activity has been attributed to 
increases in CC^ concentration in the soil atmosphere, scarcity of 
available nitrogen in the soil solution, and antagonistic effects of 
other microorganisms (17,41,42,76,84,85,109,133,134,155,165,170,171, 
178). Various Trichoderma spp. have effectively controlled or 
suppressed R;_ solani. T. hamatum, T. harzianum, T. viride, 
Aspergillus niger, Bacillus subtilis, and Streptomyces hygroscopicus 
var limoneus are a few of the many organisms that have been reported 
to effectively suppress growth and pathogenic activity of R. solani.
Cultural; Plant spacing studies revealed that a high incidence of 
disease, but not necessarily low yields, were associated with narrow
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spacing (105). Disease spread more rapidly in the dense planting. 
Mgonja and Lee (1985) reported that yield was reduced by 2,242 kg/ha 
when the number of sclerotia in soil was increased to 12.8 million 
sclerotia per hectare. They suggested that intermittent flooding 
followed by draining of the field a few times prior to planting might 
reduce the sclerotial population and possibly effect partial control.
With very limited sources of resistance, low efficiency with 
chemicals, problems with getting chemical registration, and 
ineffectiveness of rotation and eradication as means of control, 
several researchers have suggested that an integrated approach to 
controlling sheath blight be considered. Rush and Lindberg in 1984 
(140) and Lee and Rush in 1983 (83) suggest that in the meantime while 
research continues in the quest for resistance, the most practical 
approach is an integrated approach utilizing moderately resistant 
cultivars, fungicides, and modifying cultural practices associated 
with fertilization, weed control, and irrigation to suppress sheath 
blight disease.
Table 1. Nomenclature of pathogen causing sheath blight in rice.
Perfect State/Teliomorph
1883 Hypochnus cucumeris Frank
1891 H. solani Prillieux and Delacroix
1928 Corticium vagum Perk and Curt
1932 C. solani (Prillieux and Delacroix) Bourd and Galz
1943 Pellicularia filamentosa (Pat) Rogers
1956 Thanatephorus cucumeris (Frank) Donk
Imperfect State/Anamorph
1910 Sclerotium irregulare Miyake 
1912 Hypochnus sasakii Shirai
1934 Corticium sasakii (Shirai) Matsumoto
1858 Rhizoctonia solani Kuhn
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APPENDIX B: SUPPORTING TABLES
Table 1. Chemical properties of Crowley silt loam soil in
experimental area, Crowley, Louisiana 1985, 1986, and 1987 
as determined by analytical methods and procedures used in 
The Soil Testing Laboratories, Louisiana State University, 
Baton Rouge LA.
Chemical
Properties 1985 1986 1987
Organic matter % 0.90 0.84 0.79
Potassium (K) ppm 48.00 54.00 47.00
Phosphorus (P) ppm 14.00 11.00 16.00
Calcium (Ca) ppm 1338.00 1400.00 1470.00
Magnesium (Mg) ppm 263.00 290.00 300.00
Zinc (Zn) ppm 1.90 1.30 1.50
Sodium (Na) ppm 90.00 89.00 94.00
(pH) 6.20 6.30 6.00
142
Table 2. Characteristics of the cultivars used to evaluate the 
relationship between quantity of epicuticular wax and 
resistance of rice to sheath blight, Baton Rouge and 
Crowley, LA. 1986 - 1987.
Cultivar Grain Type Reaction to R. solani^
Labelle Long Grain Very Susceptible
Lebonnet Long Grain Very Susceptible
Lemont Long Grain Susceptible
Zenith Medium Grain Moderately Susceptible
Mars Medium Grain Moderately Resistant
Saturn Medium Grain Moderately Resistant
Taipei 309 Medium Grain Resistant
Taducan Medium Grain Resistant
Tetep Medium Grain Resistant
Classification of cultivar reaction to R_^  solani was based on 
performance in sheath blight nurseries and screening tests conducted 
over several years at the Rice Research Station at Crowley, LA.
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Table 3. Rating system for determining resistance to Rhizoctonia 
solani (sheath blight). Page 1 of 2.
Disease
Reaction Sheath Blight Rating Scale
(I) 0 = Plants healthy, no symptoms.
(VR) 1 = Restricted oval lesions at water-line or inoculation
points, lesion centers grey-green to nearly white, margin 
of lesion a broad red-brown or purple-brown border usually 
broader than necrotic center, less than 2.5 percent of 
tissues affected.
(R) 2 = Few oval or coalesced lesions on lower sheaths or at
infection points, lesions with broad red-brown border, 5 
percent or less of tissues affected.
(MR) 3 = Lesions on lower leaf sheaths or at inoculation points,
lesions with narrow red-brown broder, coalescing, less 
than 10 percent of tissues affected.
(LM) 4 = Lesions mainly restricted to sheaths on lower third of
plant, lowest leaves, or inoculation points, lesions 
discrete or coalescing with narrow red-brown borders, 10 
to 15 percent of leaf and sheath tissues affected.
(M) 5 = Lesions mainly restricted to sheaths and leaves of lower
half of plants, lesions usually coalescing with large
necrotic centers and narrow red-brown borders, 15 to 25 
percent of tissues affected, culm not injured.
(HM) 6 = Lesions usually coalescing and affecting lower 2/3 of
sheath area of plant, lesions extending to blades of 
lower leaves or lower leaves killed by injury to sheath, 
25 to 40 percent of tissues affected, culm of infected 
tiller usually not affected.
(MS) 7 = Lesions usually coalescing and affecting lower 3/4 of
sheath area of plant, lesions extending to leaf blades 
of lower 2/3 of plant, 40 to 60 percent of tissues 
affected, outer portion of culm may be brown or have 
brown streaks near water-line.
(S) 8 = Lesions reaching to flag leaf, lower sheaths with
coalesced lesions covering most of tissue, lower and 
middle leaves dead or dying, 60 to 80 percent of tissues 
affected, culms with brown streaks or turning light brown 
to center and water-soaked, severely affected tillers 
lodging, florets in lower 1/3 of panicle often not 
filling.
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Table 3. Contd. Rating system for determining resistance to
Rhizoctonia solani (sheath blight). Page 2 of 2.
Disease
Reaction Sheath Blight Rating Scale
(VS) 9 = Lesions reaching to flag leaf, lower leaves mostly dead,
sheaths dried, culms brown, water-soaked or collapsing, 
most of tillers lodged, florets in lower 1/3 to 1/2 of 
panicle not filling.
Hoff, B.J., M.C. Rush, W.O. Mcllrath and Alan Morgan. 1976.
Disease Resistance. Agric. Progress . Report, Rice Experiment 
Station. La. Agric. Expt. Station, LSU Agric. Center. 68:142-192.
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Table 4. Rating scale for lesion type and expansion rate for symptom 
expression on rice infected with Rhizoctonia solani.
1 Tetep type lesions: Lesions are restricted to point of initial
infection. Streaks may sometimes develope instead of the typical 
sheath blight symptoms. Compared to the infected necrotic area, 
there is a significant amount of browning of tissue surrounding 
the lesions. The rate of lesion enlargement or expansion is slow 
giving little coalescing of lesions. Individual lesions can be 
counted.
3 A combination of the two kinds of lesions described on the extreme 
ends of the scale, can sometimes be found on the same culm.
These intermediates are assessed a score of three. Depending on 
which extreme seems to be dominant, scores of either a 2 or a 4 
can be assessed. Like most, this scoring is relative and thus 
should be used in conjunction with other disease indices.
5 Labelle/Lebonnet type lesions: a generalized blighting of sheaths 
and blades with no significant amount of browning of tissue 
surrounding the lesions. Margins are very irregular and blighted 
area tends to be continuous. Lesions tend to coalesce and lesion 
expansion in time is rapid. Compared to the straw or gray colored 
diseased areas, the area considered brown, possibly due to phenols 
or their by-products, is negligible.
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Table 5. Analysis of variance table for tiller number. Crowley, LA
1985 (Refer to table 1, chapter 2 In the text).
-
Source df MS F-value
Rep 2 --------
Fert 5 459.95 4.01**
Rep X Fert 10 -------- — .-----
Var 2 114.77 1.00
Fert X Var 10 459.07 4.00**
Rep X Var X Fert 24 -------- — -------
Inoc 1 1,173.48 10.22**
Fert X Inoc 5 24.91 0.22
Var X Inoc 2 235.65 2.05
Fert X Var X Inoc 10 81.24 0.71
** Significant at P = 0.01
Table 6. Analysis of variance table for plant weight. Crowley, LA 
1985 (Refer to table 3, chapter 2 in the text).
Source df MS F-value
Rep 2
Fert 5 14,162.66 5.24**
Rep X Fert 10 ---- ----
Var 2 89,840.49 33.23**
Fert X Var 10 17,436.61 3.21
Rep X Var (Fert) 24 ---- ----
Inoc 1 17,187.43 6.36*
Fert X Inoc 5 1,175.14 0.43
Var X Inoc 2 3,672.38 1.36
Fert X Var X Inoc 10 1,283.54 0.47
** significant at P =0.01
* significant at P =0.05
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Table 7. Analysis of variance table for plant weight. Crowley, LA
1987 (Refer to table 4, chapter 2 In the text).
Source df ms F-Value
Rep 2 -------- --------
Fert 5 13,670.66 250.57**
Rep X Fert 10 -------- -------
Var 2 116,272.89 2,131.20**
Fert X Var 10 1,132.64 20.76**
Rep X Var X Fert 24 -------- ----------
Inoc 1 34,587.46 633.96**
Fert X Inoc 5 147.35 2.70
Var X Inoc 2 1,752.03 32.11**
Fert X Var X Inoc 10 257.23 4.71**
** significant at P = 0.01
Table 8. Analysis of variance table for leaf area. Crowley, LA 1987 
(Refer to table 5, chapter 2 in the text).
source df F-Value
Rep 2 _____
Fert 5 24.5**
Rep X Fert 10 -----
Var 2 13.3**
Fert X Var 10 0.7
** significant at P = 0.01
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Table 9. Analysis of variance table for tiller number. Crowley, LA
1987 (Refer to table 2, chapter 2 in the text).
Source df F-Value
Rep 2 -------------
Fert 5 11.9**
Rep X fert 10 — ..—
Var 2 2.8
Fert X Var 10 0.3
** significant at P = 0.01
Table 10. Analysis of variance table for yield. Crowley, LA 1985. 
(Refer to table 35, chapter 2 in yhe text).
Source df MS F-value
Rep 2 ---- ----
Fert 5 1,850,875.06 9.37**
Rep X Fert 10 ---- ----
Var 2 39,579,654.95 200.37**
Fert X Var 10 2,406,595.54 12.18**
Rep X Var (Fert) 24 ---- ----
Inoc 1 2,910,152.97 14.72**
Fert X Inoc 5 157,321.39 0.80
Var X Inoc 2 296,452.80 1.50
Fert X Var X Inoc 10 253.229.77 1.28
** - significant at P = 0.01
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Table 11. Analysis of variance table for yield. Crowley, LA 1986
(Refer to table 36, chapter 2 in the text).
Source df F-Value
Rep 2 ------
Fert 5 228.7**
Rep X Fert 10 ------
Var 2 526.4**
Fert X Var 10 6.1*
Rep X Var X Fert 24 ------
Inoc 1 234.7**
Fert X Inoc 5 2.0
Var X Inoc 2 1.4
Fert X Var x Inoc 10 0.6
** significant at P = 0.01 
* significant at P = 0.05
Table 12. Analysis of variance table for yield. Crowley. LA 1987 
(Refer to table 37, chapter 2 in the text).
Source df F-Value
Rep 2 _____
Fert 5 53.87**
Rep X Fert 10 -----
Var 2 126.67**
Fert X Var 10 3.40**
Rep X Var X Fert 24 -----
Inoc 1 94.83**
Fert X Inoc 5 1.09
Var X Inoc 2 0.50
Fert X Var X Inoc 10 1.96
** significant at P = 0.01
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Table 13. Analysis of variance table for plant height. Crowley, LA
1985 (Refer to table 6, chapter 2 in the text).
Source df MS F-value
Rep 2 ---- ---
Fert 5 245.03 21.12**
Rep X Fert 10 ---- ----
Var 2 229.23 19.76**
Fert X Var 10 361.32 31.14**
Rep X Var (Fert) 24 ---- ---
Inoc 1 1.12 0.10
Fert X Inoc 5 5.92 0.51
Var X Inoc 2 21.18 1.83
Fert X Var X Inoc 10 13.38 1.15
** significant at P = 0.01
Table 14. Analysis of variance table for plant height. Crowley, LA 
1986 (Refer to table 7, chapter 2 in the text).
Source df F-Value
Rep 2
Fert 5 33.0**
Rep X Fert 10 ------
Var 2 17.9**
Fert X Var 10 1.4
Rep X Var X Fert 24 ------
Inoc 1 0.2
Fert X Inoc 5 0.4
Var X Inoc 2 0.1
Fert X Var X Inoc 10 1.3
** significant at P = 0.01
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Table 15. Analysis of variance table for plant height. Crowley, LA.
1987 (Refer to table 8, chapter 2 in the text).
Source df F-Value
Rep 2 ----
Fert 5 532.71**
Rep X Fert 10 ------
Var 2 167.75**
Fert X Var 10 14.71**
Rep X Var X Fert 24 ------
Inoc 1 149.74*
Fert X Inoc 5 0.89
Var X Inoc 2 2.70
Fert X Var X Inoc 10 1.47
** significant at P =0.01
* significant at P =0.05
Table 16. Analysis of variance table for plant height. Greenhouse
test. Baton Rouge, LA 1987 (Refer to table 9, chapter 2 in 
the text).
Source df F-Value
Rep 2
Fert 5 32.63**
Rep X Fert 10 -----
Var 2 106.41**
Fert X Var 10 5.87**
** significant at P = 0.01
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Table 17. Analysis of variance table for percent tillers infected.
Crowley, LA 1985 (Refer to table 10, chapter 2 in the text.)
F-Values for Four Dates
Source df I II III IV
Rep 2 w«-» alM
Fert 5 0.51 1.82 1.09 1.60
Rep X Fert 10 — — —  —
*Var 2 7.99** 10.28** 18.50** 25.10**
Fert X Var 10 2.43** 1.42** 1.95 0.73
** significant at P = 0.01
Table 18. Analysis of variance table for percent tillers infected.
Crowley, LA. 1986 (Refer to table 11, chapter 2 in the 
text).
F-Value
Source df I II III
Rep
Fert
2
5 VO 
1
* 
I
*-*
 
l
* 
I
* 
I
4.6** 4.4**
Rep X Fert 10 ----- ----- ------
Var 2 12.8** 4.5* 5.7**
Fert X Var 10 2.3* 1.2 2.1
** significant at P = 0.01
* significant at P = 0.05
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Table 19. Analysis of variance table for percent infected tillers.
Crowley 1987 (Refer to table 12, chapter 2 in the text).
F-Value
Source df I II III
Rep
Fert
2
5 12.2** 22.3** 11.6**
Rep X Fert 10 ----- ----- -----
Var 2 13.87** 26.4** 22.9**
Fert X Var 10 1.3 2.1* 0.5
** significant at P =0.01 
* significant at P = 0.05
Table 20. Analysis of variance table for percent tillers infected.
Greenhouse test. Baton Rouge, LA 1987 (Refer to table 13, 
chapter 2 in the text).
Source df F-Value
Rep 2 ----
Fert 5 8.21**
Rep X Fert 10 ----
Var 2 4.91**
Fert X Var 10 1.12
** significant at P = 0.01
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Table 21. Analysis of variance table for disease rating. Crowley, LA
1985 (Refer to table 14, chapter 2 in the text).
Source df MS F-Value
Rep 2 _____ ______
Fert 5 0.05 0.08
Rep X Fert 10 ---- -----
Var 2 20.40 28.10**
Fert X Var 10 1.06 1.49
** significant at P = 0.01
Table 22. Analysis of variance table for disease rating. Crowley, 1A. 
1986 (Refer to table 15, chapter 2 in the text).
F-Value
Source df I II III
Rep
Fert
2
5 1.5 8.4** 10.8**
Rep X Fert 10 ----- ----- -----
Var 2 3.4* 8.8** 26.5**
Fert X Var 10 0.8 1.4 0.8
** significant at P = 0.01
* significant at P = 0.05
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Table 23. Analysis of variance table for disease rating. Crowley, LA
1987 (Refer to table 16, chapter 2 in the text).
Source df
F-Value
I II
Rep 2 ----- -----
Fert 5 7.5** 48.6**
Rep X Fert 10 ----- -----
Var 2 42.1** 81.5**
Fert X Var 10 2.1 5.6**
** significant at P = 0.01
Table 24. Analysis of variance table for disease rating. Greenhouse.
Baton Rouge, LA 1987 (Refer to table 17, chapter 2 in the 
text)
F-Value
Source df I II III IV
Rep 2 ■ ■ ■
Fert 5 6.32** 8.32** 21.80** 35.46**
Rep X Fert 10 ------- ------- ------- -------
Var 2 43.06** 45.16** 67.69** 78.19**
Fert X Var 10 2.59* 2.97* 3.18* 4.23*
** significant at P = 0.01
* significant at P = 0.05
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Table 25. Analysis of variance table for lesion rating. Crowley, LA
1985 (Refer to table 20, chapter 2 In the text).
F-Values
Source df I II III
Rep
Fert
2
5 0.40 0.81 1.47
Rep X Fert 10 ------ ------ ------
Var 2 9.10** 11.06** 15.84**
Fert X Var 10 0.88 1.11 1.76
** significant at P = 0.01
Table 26. Analysis of variance table for Lesion rating. Crowley, LA 
1986 (Refer to table 21, chapter 2 in the text).
Source df I
F-Value
II III
Rep 2 ----- ----- -----
Fert 5 1.9 6.3** 3.7**
Rep X Fert 10 ----- ----- ----
Var 2 2.8 39.0** 14.5**
Fert X Var 10 0.5 1.0 1.6
** significant at P = 0.01
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Table 27. Analysis of variance table for lesion rating. Greenhouse.
Baton Rouge, LA. 1987 (Refer to table 22, chapter 2 in the
text.
F-Value
Source df I II III IV
Rep 2 ---- --- --- ----
Fert 5 20.27** 26.22** 13.70** 0.34
Rep X Fert 10 ---- --- --- ----
Var 2 16.67** 45.12** 42.35** 4.29*
Fert X Var 10 5.07** 3.87** 1.97 1.61
** significant 
* significant
at P = 
at P =
0.01
0.05
Table 28. Analysis 
Crowley, 
text).
of
LA
variance table for mean percent disease. 
1985 (Refer to table 24, chapter 2 in the
F value
source df I II III
Rep 2 ---- ---- ----
Fert 5 0.25 0.75 0.80
Rep X Fert 10 ---- ---- ----
Var 2 2.46 18.09** 20.00**
Fert X Var 10 0.56 0.85 0.70
** significant at P = 0.01
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Table 29. Analysis of variance table for mean percent disease.
Crowley, LA. 1986 (Refer to table 25, chapter 2 In the
text).
F-Value
Source df I II III
Rep
Fert
2
5 4.2** 5.3** 7.8**
Rep X Fert 10 ----- ----- -----
Var 2 7.2** 18.3** 21.1**
Fert X Var 10 1.2 0.5 1.3
** Significant at P = 0.01
Table 30. Analysis of variance table for mean percent disease.
Crowley, LA 1987 (Refer to table 26, chapter 2 in the 
text).
F-Value
Source df I II III
Rep
Fert
Rep X Fert 
Var
Fert X Var
2
5
10
2
10
19.1**
13.3**
4.5**
17.6**
50.3**
4.9**
3.9**
43.7**
1.4
** significant at P = 0.01
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Table 31. Analysis of variance table 
Crowley, LA 1985 (Refer to 
text).
for infection cushion number, 
table 29, chapter 2 in the
Source df MS F-Value
Rep 2
Fert 5 148.8 12.69**
Rep X Fert 10 — —
Var 2 2,949.0 249.4**
Fert X Var 10 38.9 3.3*
** significant at P =0.01
Table 32. Analysis of variance table for infection cushion number.
Crowley, LA 1986 (Refer to table 30, chapter 2 in the 
text).
Source df F-Value
Rep 2
Fert 5 5.92**
Rep X Fert 10 ------
Var 2 447.12**
Fert X Var 10 2.65*
** significant at P = 0.01
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Table 33. Analysis of variance table 
Crowley, LA 1987 (Refer to 
text).
for infection cushion number, 
table 31, chapter 2 in the
Source df F-Value
Rep 2
Fert 5 3.0*
Rep X Fert 10 --------
Var 2 359.7**
Fert X Var 10 1.5
** significant at P = 0.01
Table 34. Analysis of variance table for infection cushion number.
Greenhouse test Baton Rouge, LA 1987 (Refer to table 32, 
chapter 2 in the text).
Source df F-Value
Rep 2 -----
Fert 5 12.20**
Fert X Rep 10 -----
Var 2 684.57**
Var X Fert 10 4.65**
** significant at P = 0.01
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Table 35. Analysis of variance 
1987 (Refer to table
table for lesion length. Crowley, LA 
23, chapter 2 in the text).
Source df
F-Value 
14 DAI 28 DAI
Rep 2 ------ ------
Fert 5 12.9** 10.0**
Rep X Fert 10 ------ ------
Var 2 24.1** 42.9**
Fert X Var 10 3.1** 2.3
** Significant at P = 0.01
Table 36. Analysis of variance table for sterile panicle. Crowley, 
LA. 1987 (Refer to table 39, chapter 2 in the text).
Source df MS F-value
Rep 2 mm aw aw — niI1,-,^,nn^
Fert 5 298.85 60.35**
Rep X Fert 10 ------- ------
Var 2 17.69 3.57**
Fert X Var 10 31.36 6.33**
Rep X Var X Fert 24 ------ ------
Inoc 1 616.33 124.45**
Fert X Inoc 5 24.80 5.00*
Var X Inoc 2 16.08 3.25
Fert X Var X Inoc 10 6.83 1.38
** significant at P = 0.01
* significant at P = 0.05
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Table 37. Analysis of variance table for disease height. Crowley, LA
1987 (Refer to table 28, chapter 2 in the text).
Source df F-Value
Rep 2
Fert 5 120.0**
Rep X Fert 10 -----
Var 2 28.3**
Fert X Var 10 1.8
** significant at P = 0.01
Table 38. Analysis of variance table for epicuticular wax (mg/g leaf 
tissue) in field and greenhouse tests. Crowley and Baton 
Rouge, LA 1987 (Refer to tables 34 and 34a, chapter 2 in 
the text).
F-Value
Field Greenhouse
Source df Mid-boot Heading
Rep
Fert
Rep X Fert 
Var
Fert X Var
5 27.76**
10 -----
2 147.25** 
10 3.14*
19.44**
98.67**
1.73
21.72**
91.21**
3.88**
** significant 
* significant
at P = 0.01 
at P = 0.05
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